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KR9603605B1: PROCESS FOR PREPARING ORAL OMEPRAZOLE 

KR Republic of Korea 

B1 Examined Patent Application, Second Publication; since 970930 Granted 
Patent 

JUNG, KYE - JONG, Republic of Korea 
CHON, INN - KOO, Republic of Korea 
INN, SANG - HWAN, Republic of Korea 

YUNGJIN PHARM, CO., LTD., Republic of Korea 
News, Profiles, Stocks and More about this company 

March 20, 1996 / Sept 24, 1992 
KR1 99200001 7403 

A61K31/415; A61K 31/44; 
none 

Sept. 24, 1992 KR1 992^01 7403 

The composition for oral dosage containing omeprazole (I) is 
comprising hydroxypropyl beta-cyclodextrin (II) as soluble carrier, 
trometamin (III) or sodium hydroxide as alkalizing agent and 
moisture proof agent as 0.5-2, 0.5-2, 0.3-2 part to 1 part of (I). This 
formulation which has the characteristics as 95% dissolving within 1 
minute consists of (1 ) dissolving (I) in ethanol, (2) dissolving (II) in 
water or ethanol, (3) dissolving (III) in water or ethanol, (4) mixing 
them and drying. 

none 

DERABS C 1 999-1 39592 DERABS C1 999-1 39592 
No patents reference this one 
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(19) CHfte!S*«8iai(KR) 
(12) ^S|SM(B1) 



A61K 31 /41S 

A61K 31 744 

(21) iSSS 



(51)*lnt. CI. 0 



(1D mm&& 
(24) m^mn 



^1995-0003605 
1996\M03§12G§! 



^1992-0017403 



(65) 



i| 1994-0006585 



(22) 



1B92£09M24B* 



(43) sn^n 



1994^04^25SJ 



(72) 



(73) mm^n 



(74) oieiei 



Alg^^AI £3? Z7\ 277-68 

MmmmM axis oisotoh 107-1404 
Mmm&M ^m^- #w 7S 757 stsrouits 3-1203 

A4§miAI ffi^g 143-4 



(54) someis staia sol s&se »s«ts #h 



ye but 



soi ±shs thski&ou mm^Ji kb®, ois sto-sss ^nrnn xi^a?ei «««ai swaai-g ^xia ^lchah pi« 

SJ a 4»S« »e»« CHdSte XHSS £Ste! SI # XI SAW zf»gKa sio. 

□am, oisH& si^oioia^ ^sais s^as ^qumbi m®o\ usu, ^gsg ei g^&MAi 



&® 25-C54 ^£DijAi, pH 4 OioKHIAiS! a* 7S. pH 7011 A!£| ^UOIfe 38Al^ f t*S!Oii 

pH 100»>MBI fcLUPIfe 9f DH^ g&ilSNXIa!, Sl*£ltiOI 3411 tttt?!- XISSID4 H¥ 

?l 3*il#0{OllAi.E S£0|| SJ6H 0^2* SMNI ST if XI SSSlfe m&m 7tX\jl HO, 

»a, a»a^ ^ai=3 xiiBr-ioosftoiife souses shehs xisshx &b»a|9ib »hoi n&mo\ si a, a&ei 

^53H J3I87-9117S, 51187-971 8£ Oil fe S3€ S^SKW SHSSHM &9»Al9lb 01 3|££|CH 5UCf. 

Oiit&R ^oi^H J3l80-2010SO||te = goj %J\& omiictfS tf^SK* £ DISHED SOi ShSSfAl 

S!S*5IS£ fcHS«*»3l 1^0! S^EKUP* HP-£ &OilA{ £g^£¥£i 3^2! £D|!H^g^ HOI fi 

oil :hh! **xi aft ^eej i^dife oisy sftsa?) jmisi gss a^afe astt si2 sick 

XI3 

£B, tHi£*-A|SS^£S£!§ Oia& SOHSatSSI e+SSfe H0{§:?fi 0E342778A1 Oil »I9*£ICH 5USU, 3 

Kafe ssAioii scm ^gsi s^a xmi sfi*Bsi sxhs g sons mm 4 sichai &sb sons 
avians as 4* si a. 

01 Oil B ^SXf^g £DHSE*gO| £TOI 0\^MO\\M U&U S^f^^e fl£8tjl» fiWfftt B^B §2* 

^&IS**il2l> 4§£ OlfiB OIa-II BgXliS ISSiQ 6i^3l £(H|n^=s §^At?i0Ai Bags ^CttS 

sows a* mast sen xiiss 4 m^iisioi b a^s^i &isia 



OilAj tl^3F}il e»€l 4 S^S^ ^N^S AH£@ gtEflSi SDIIS^S SCH ^igSteGII 3 ^^01 

oiw, e ^ Alio i ^^qfb a-^ni ^ck 

XilS^Oil ^CHAi, SOilH^^Oil ^M.HSA] BilEI-AlMS^ 1 ^ £ ii £^ □ ^£1^ SE^ 

OlSh B CH* ^AUSj «a»B CfgJIF 

omn sens 3^iS6!x^ib vimm #EHoie.i sFxiet 4sn¥oii che sais^ eis^e s^ai^pi ^©foi 

Xil« ^Pho^OI AfBtt 4 SICK DiKH tiSOaUfdOlU Btf»3UI«a &m*^ A^m 4 SlfiU StTAW 

K 4£ sia. 

B »»«fMO|/H BiIE|-A|^SS>^e^|o @^o S §£|2^£ a? *<MA| PJ^IDi! ^ 

SUS^CM ^^Bl dh4^ e^UIDiS SJ^SXF afg^X^Sl ^S2j yg^ S^^Sj esH^ il gjxjm Oi@ 



m tut, bb>»b s*bsi bbsk ai&sgsi bshb, a^g s yj^sy oissn site bs&m, a mmm 

MB® 4* Site WIEHMMei-fisMasi ^ssjisfe 0IIBO1 qIE^AISS! BiieKMg£a|£SB01 A*gB 4* SiCK 8 S! 
SOII fflSQ B1IB-Alg£ei*£B 3 ^SfllSI 3 S3t§F@ 2CK1S»S IB Oil CHSfrCW Q.5~2§£ A^BfeQiU BJ}V. 

oi o.5g umom sohs^bsi ssbub bb» g&oiioji &n &mmmi± w 

HSq ^SI5CH£ «ia«ltfQI BXPt DEC*. 

EES B SSCHl A^g£fe ©S&l SllSg SSOilElEl 5E*2 4>&3fUMgO| A^EjU 3 S3H*B 0,5-2^ AfSSFteQI, 

dl m?mo\ o.ss mmm bbb &m\&m mx\ sgets^ &sb eixi sskm bsow es*siw 2mm &m$m & 

B ^^oii &ch Ai-e^lfe SDlisaf® sol axil iSB^oii cHsfoi o.3SB¥ Uixi 2gg¥l gDi-ste 

5101 b:b, 3 aisboj aosFa j&Bxiiffits ansa ggg:® a pi on ~m?\ b«sio! sjo 0 w&ssKn b^b' 
o. 

b BsoiiAife sra^aas. s^a^iofi mm sMmam aissiastti son sib sousb-bsi esn« arxisr 

B Bsrna 5&ioi/H assoiu »piasi me^oiis Basm. oias soiisate 3*iik&sh= wiEHAigsaj^sgj g 
□ fes si^^a^ a mm ^e&oi an b&s soiin&tBg ei»a?D» ea» esoiE a?is b 

a|»£J S^H^^S^ ggB 4* 3JIOI3I CHSOil £&3jO| S*Di£}£!0| £0||££tBSi ^Ss&M JSiSSfte ^SOi SI 

o, 

■f, ^2H2l ^iH^H^fe SOtiH&MM SiHSfe ^CHXIb iJXf3?IOilfe B3PI ft£Q1 DIS^ B4»^ B*SMte 1 

on fiie e«^teti» esaoi -h^ siimaw &&Qfe bbqi ao. e ms^oi ^xie sonsa-eg 
» BttBs u«« e»« w»ai«io. 

£f! BttaiABBOl iSH VOI B^B BXjs| ^1^01 O^U^ UXIfe ^SOIS^S^ @^£jO| 

2iCHAi Bfl 3»|«6t«IOII BBSJBBB UlSei-Oi g5Ji£0 J^4»B ei^^f^ SJlf^HS 01^^ 4> StO. 

□am ih^a i^^^is ema s^^soii «ib ^i^AiOiis xi^^oi sdiih^s s^s© ^xi«r * 210. 

s ^loiiAi bb» wia-Aisa«i^MBB a^s^i eib siissig ^ m^^bi 4»© sy ^011 sib 

9i SI-CM Se.^^ ^CHAi #Al SBCI. 

m&M. b ffaa ^^^^£J soiinanoii BiiEhAies^^ 3 ^aaisns bm aw»b/h 33«' 

g^SII ^aiS SOf Jill3£8foSMI ^ ^ BBOi BS^IAI PiS^j CH^ 3i£Cf5= BBWjI e^^OI 

fee ns5i!B^«B 4- ao. 

BOI B SJgSI ^IStl- 3BB7H H^IS6i^fe SDilHa^, bHQ-AIPM^^HS 5£fe 3 &&M t ^^EISJ 

^12] 3^ ^01 Ef^X^ U! XI b eSOIE^SS S^PI OH S Oil 3ISSI gTS, 8( ^SHlAi SlMEI^^LfMS £ 

te S?iB OlOlkAi §i BPtSKM XIISB BSE^I- BS8| ^^S^HCK, g§^£ gf^SOi ^^^^^1- IW- 

g^Oi 5HA{ B SQIIS9B SO] ^§8 ^gf^ 911 » XIS^IS ^^^?ai^l^ yai ^§5^1 AIB 

B 4 s SiO. 

OiSK B ^Al Oil Oil ^» ^ All 31 CI§3I ?iSHK B ^^0! ^ Ai 041011 £I8H g^SSlfe 5!S O^UC^. 



3 



mm-Mm&m±mmom, p -cos §sr) & □ Bssiiei z-$\^Am^m-m&-Mm^±f=&{om, hpcds 99), 
ci oil n-m ehai m&®\±^&(om dmcds 99)fi aw ph 7.0 miai 1* tOM ^ss sxtetji soil 

SBhSft 1QW*/Bl CIS 3713011 ttft6ta*l St9» AlftatO* 3 MS Oft S 1 0il UEMJiaa. 

soiisassi ^ai^ss «?a@K>i 1**1011 am a »«iH*9:?i(t5o*>2i- ais^scteows *»ao.- 



m 1] 



DMCD 
HPCD 



17,87 
21.47 
3I.N 
23,81 



2.52 
3.25 
4.81 
3,61 



* t 50% : SOUSai-S 50*71' »ft»te AI^(50%7F SSHSlfe AI2i) 

* t90% : fiQIIH^ft 90%^h SSSIfe Al 3(10)01 SoHsj^ A|») 

U W\k\& ^Ol pH SDilSatftSI £9001 0 -CO, DMCO » WCD^ @?t£ £0!I2£€ B^£J t)!i 

SKH 3 ttS5Pf a^ 19.5ft, 77.9% 9 32.5% e^Si&CK 0i51g SOIiH^SOl ±&CM §§S * S^SIZM SOT XI 9 ' 



[9201 2] 

pH 7.0 eiti? ^e^^CHIAi£j £ -CO S HPCD^ £0l!Ha*§2l g8H&0ii GlXlte @9ft AIRSICK AI9&gjg 

S £3919 P -CO gj HPCD 1m I Ml £ CHISELS 2H£ 93(93 37 < CSi 9ft&9*Q5XI0IIAI 4flAI2Jg9 SI96KHI 29 

eAI3|S 1AI21 §*IAI£j^ 0.45^ S « El £! 1 £1 S 01 M m^JHI 3S0^Zl£HElp S^SfW gSHS SlDIISaift 

£i s» n as s 20ii uamao. 

[H 21 

Bil&-AIMS^^S^!^0il S|8i esfi£ SSKdH 7.03 













0 


0.258 


5.296 


4 


IJN 


0.533 


8 


0.4» 


9.573 


13 




0.695 


16 


0.586 


0.78$ 


29 




0.525 



4 



m ummMte dmcd^ awn ^soi i?^gf°s sisiatact. £mh&ssi mm&& mB-Mm^m^m®^® mi\ 
sen siac*. 

om® aai-fe smshsoi wiEHAiea«f£fi«*2* **tui!B B« flats tt«tie! aoiisaHB 

oil mm fii^f sioiach 

[S-J3CN1 3] 

pH 10.0 &£?&f^ P -CD ft HPCD^ £Q||S»S£I eSH^Oll QiXlfe <3®& S§g[^D. Ai^W^@ ^HOjl 22} « 

ate "jyog 3j-oi a scats a© s soil uauiaa. 



[S 3J 





■M*(xi<r , M) 




HPCD 


0 


10.99 


19.69 


< 




19.46 


8 


n.?7 


12.45 


1? 


12.26 


12,97 


15 


15.52 


13,16 


20 


14.06 


13.35 



ph m\M& mB-A\m^±^zimo\\ °\m sondes! mmuoi s 3oiiAj# groi inasBi, 1^ t«si e - 

CO S! HPC02I SXH£ aDHa£«2l SSHES 2.15% U 28. 5X ©gAiac*. 

mum a] 

pHCHi (B^ £0IIHg*52| &8Hti 

CHa-j pH ^e«g S>DH2&t5SI g6H&g AISmStD. AliiSS a? pH S^Qii SDilSELlgg gj^Il &2IWI 20 

&g Al««01 3 AISSjWS £ 401i UEfLHao. 

[H 4] 

pHOil SDjl = £}-M2| BvW& 



5 











7.e 


108.9 


0.880 


1,4 




0.6445 


3.0 


831.9 . 


J.3TI4 


w.o 


S.4SSJ 


10.00M 


11,0 




5.M8B 


12.0 


11 UM 


S8.0W1 



snsawsi smMoi an ph 120M21 ms* us* sua. 

[tiAIOI 1-4] 

20152(831 p -CD S 3 S£»ISJ HPCD2| 2£g StttBl SSgf a)!IIS4lMB ClifiS 

°j sa»3 Bi3s®si ^ avssoh oji sssi sens * 40"csi §i&M a&as^ioiiAi assm, aiaaj ases 
mmtz. aei^s aAi3«oiEioiAi ist asstw aismao. 

[a 5] 



4 * 


«44 i 






4*14 




iDftn* 


iCOmg 


lOOrr.i 






ll.ftng 


ll.&tt 












&$*g 






32&he 








H?C0 










4*N 


WW 


44* Mt 







[HI SOU 1-5] 

si aoiisasasi znmm am h asi ss^i skh aAiou is ire u jsss aiisssfac*. 

[S 81 



i * 


«|a4 l 












lOOmg 


lOOmg 


lOOmg 


lOQmg 


iDOmg 




n.&ng 














3§mg 












■«* 








4#H 


WW 











[UIBOI 6-7] 

£OiiH^2f 0 -CO £fe HPCD2I alSIIStfXIIg Dfg £ 72| SKH XHSetSlCt. 

IS 7] 

2#» nmmmm 



4 * 



HPCD 



100m* 

Mm 



[23 Oil 1] 

ftiAioi m» diinoH i-7si Mxummm cns*oj 4ow5%rh saoii ^ivvais atAiefitAiv* » 

[fi 8] 

flAa^l 4013-75% RHOilA|£i M®&$ 









* * 


1 £ 










» - 




» 




»U<$ 1 


B 


C 


C 


C 


« 


"la* z 


C 


0 


JO 


ft 




•UN 3 


c 


£ 


£ 


E 






£ 




E 


E 




maH s 


3 


£ 


C 








C 


C 


C 


C 




Wa* 7 


C 


D 


D 


D 




*<<M l 


■ r 

A 


A 


A 


A 




4MH a 


A 


A 


A 


A 






A 


A 


A 


A 






A t 


A 


A 


A 
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* A : SJ|&j SEfe mm 82S, B : G : &m*», D : %m E : ^ 

#21 ^AIOII m 20\\M a«fi6f»SI #31 HiSOfi 1,2,3,501*1 ^ISS SI UIjuMM m\M jMM&M 

m cm a aw eomesh^ie gBAi^iii e^Aise »sao. e^Aig sa@ ch&s?s ^siAines gsAissoii rca* 
Aigj& attttaxih s^pf ^ss relate 9§ss Atstt ^eci a»tt &#sai& u-ei-lhsid, s& ' 

s^jW- P -C05I2I 2£S2I jaflltt6M(U|jB0| 6) MCI ttttSPt 2X||£ttflKftl AiOtl 1 gj 2}?f 3^$ B 

[S 9] 







* * t (95) 


* * 




14 


34 




104 






«** 


90.05 


92.33 


97.00 


97.05 


97.80 


»U*H 2 




20.08 


35.26 


44.50 


53.7? 


67.47 


3 


tot 


7,55 


7.58 


10.80 


19.01 


32.05 


4 




9.56 


17.55 


26.75 


45.80 


62.43 


*!aH 5 




46.53 


62.35 


69.52 


73.S4 


90.10 


1 




94.23 


97.85 


99,04 


99.32 


99.75 


Wz 




se.?5 


99.05 


99,21 


99.89 


99.78 



ca-ah/H . Mmm ^¥ h m m\M mviBS* m&zto\ e*s«om e^gsi sow binioiioii uiskx eisei ^ 

4*»§ IT * MCK 
[HSU 1] 

£0ilS£f^-3 -CD-S^oilEm nm&&m m £&S*i THIS 

SOjiHeh^ lOOma, & -CO 329rnQ3 ^gg CHI&^ 10mi Oil ^012, p -CDb 15ml Oil ?m%m ^OiH 

. ai^si a ass &«gkii feisi^a diAmioiEioiiAi 13 nxiettsis sacKwas d. 

^Dil = efM 100mg. B -CO S57.17m gi SSDIIEfSJ 35mo^ PfXiH 4K>|S| 8F0i Hiai&^^S gttO(fll3IS 2). 



'mm 

s> oii s e^-hpcd-m ei oil a ei aaeaN as ses^ gessi 

a. 4o\30fiM «a^i ^bbs^is am Ai sarajimii s««» mw-oi unm® mMnommM i« »*i»oi 
asm? sao(«i»ig 5). . 

SiQllH&S 70m 0 , HPCD 567*8, HSDiiaei 25m 9 g 1\H3L #3|2| 8KX IMIItt61XIIS e&Q(afll» 6). 

wmm 2] 

«?| Sli£0il 19 2Si ^ fllfllffSI CHSKM 40X5-75% RH &£CH| 3Htt^EH£ MttBAl 3*2* ^AlBS* AiSyH liimsU, 

□ safe s 103} »a. 



[S 10] 

AIMS 1~8 E| 40t:-75% RH0il/dS| »0 



58.22 
99.95 
38.0$ 
97.99 
99.83 
98.85 
98.12 
88.91 



92.48^ 



«| S 1OO0M MS S^OI tiTHfi SMS* UEfki! ttfi jUGHSttHU Sal* H^fe 3 -CD £fe HPCD 

3 Bin 2, 4, eCH? CH^CM 80me&h*liS MA^IH tfJI £§1011 1S1 @^AI^3l- S£AI£# 61-212* 

[a hi 

SI XII §21 ©SAIS 



WW 




<M*4 


«*• 




14 


B9.16 


54.48 


90.02 






89.99 


68.07 


93,86 






95.28 


79.02 


97.90 


10,81 


10* 


98.49 


88.3T 


98.80 


19.01 


2Vt 


99.56 


90.41 


. 99.65 


31.91 



9 



mm\ si 
aa&atao. 

[S 12] 





***** 






1 




3 


4 


& 


6 


7 


8 




100 


100 


10G 


1C0 


100 


105 


100 


100 


/J-CD 


339 


329 


057 


657 


S29 


325 


657 


65? 




11 .8 


23.2 


U.6 


23.2 


11, & 


23.3 


U.ft 







3^S£| =?ggti|(£Q{|2e}8 : P "CO s ^ttftUlft)! 1MM, IMsg, 1:2:1, 1=2:221 4S^S| tii^S 8f$Ai 

mmm ^zm ssssi s^oii chsh *r ase* aoiD. 

[»ISM 4] 

a mi = a* g -hpcd-^ sm s s aaeaa « *eyai itcsi as 

si ws^o) ^xii^ smis ^m&p. 
[a 13] 
a a 9*i 







««« 


, » I ... 


10 


U 


13 




100 


100 


iOO 




100 


HPCD 


S?6 


3?6 






376 




11.6 


23.2 


n.i 




23.2 



35, 3^M£| ^gga|{SOll*afM : HPCD : ^tfsmjsejfif HU22I HISS °UXM M^m 3iOjCK 

[gSIOII 3] 

isi #gjsf>{i □ as s i4oii uenn&a. 



10 



ssuisoi a© 04 si 3.n\smuMM^ 1-4. mm* jmow sesi s§f& 5-8. xn 

11-12) SO teg Sfge UEHsSS tt 4= Stltt. 
[fi 143 









4 










1* 


5* 


5* 


m | 






14.45 


$4.93 




$2.23 


91.81 


92.8 




HM 


9S.il 




95.14 


94.83 


94.81 


*4t 3 




98,10 




97.9? 


99.05 


99.00 




90.75 


92.00 




95.45 


99.30 


$9,53 


Mf 5 


27.8S 


43.50 




44,53 


54.36 


63,10 


8 


45.53 


55.8 




51.58 


63.23 




7 


55.16 


44,35 




§3,23 


59.30 




B 


37.31 


45,0 




43.66 


57,14 


56.M 


4« 9 


98.01 


99.98 




98.30 


99.9? 


99.54 


*«10 


97.97 


S&.03 




99.S7 


99.34 


$9.8? 


W 11 


38.13 


43.04 




48.13 


55.20 


B5.45 


W 12 


53.92 


51,44 




54,2? 


T1.0 


74.3? 



[4! @0![ 4] 

asoi s» 4si hbboii am® o\ms\ haime as* e »4TAi9i:n» %&%m s^sk* usxiisi b^a^b aib» 
set. 

JliSQjl 3IU 421 fllfflB 1, 2, 3, 4, B, lGOil gt$3l5 BttOtamB, WDDUI** 1&e¥S M 2*2* 0.5*» 

01 fcA|p|S a, b. 0. d. a. fS BBSta 01 3X11 SSI BAIgSiAIBjft gfrAiii^ 8[0I &£r*ij BJtOK 

sis* &m s^ssi swi mm a^aa. uim □sea^fe £dh5&s e^Bi stoii^m isvv, 

BAIBBAIBS 40X5, 40^-75% RH, SOT3H| 3££(0iiA{ 7H^^£HS SS^S/H S^S ^SSI-aCh gf^SliS. 3^ 

ei e&ot3Liiasi uhbhibsi bab V9tt?i hsoii 321 mb 2^ ibi*¥s sm opioii B&aKam* 0.3 
b»¥. o.5g&¥, ib»¥, 2s»¥s aw 4010-75% rhssoii/h supers M^sfs/d saibsib Aissi-a 

g^Ai^i^fe a§ s 15£> srstf. oinsi sgAi^sris £Pi a it oil i» ^sss &Aia*ac*. 

IS 15] 






* * *(*> 


i# 




5* 




wt 


**** 


65,310 


11.M 


77.64 


99.11 






6S.43 


5,54 


60,5? 


53.57 






55.09 


60.79 


TIM 


. IU1 








64.T* 


79,9$ 


94.59 


97.09 






*4,*2 


54.21 




$.01 
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;ii3Sfe e nr&ofl sib 39 11 si bbsibsi teaman s uaao. 
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f?.aisaf«si ^^oi 001 sin, n Ai^oiiAi¥&l »s ^e^aiDie sispi Ai^shoi ^i^oiife ^Bsaifflsi 

(,-| 80%0i^0| 3^D. ^ ^§21 §»^oi ^^^I^S =?BHAf2fc 3|3|BXI0I S>5> 

m mmi\, mmm, mm eoii §01 4» sisa,' a&b mmmms. 4* aa. 
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f-ICH 2i3Cl &B»a, ^^X-|| r ¥B9 S^S Ol^Oi^l £iS04, ABAB ^£ 2lO. ^BBS®21 CpBte S 

f-te nmnm a^iai a>ei- bsie * sisu, untaia^ife ioooi-oiasoiaoiiw*a ioooo^oiasots WW ai 
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Compozitie pentru tratamentul afecpiioilor gastroduodenale 



Inveiitia se referlt la o eompoziiie pentru 
tratamentul afetjiunilor gastroduodenale $i 
este complementary la invent i a cu descrierca 
nr. si amirne pentru tratarea alee- 

ti u ii i lor gas t ro d u o d e o a I c ea gas I ri t e . **a s ! n >- 
duodenite* ulcere gastroduodenale* ulcere 
complicate cu sienoze piloro-duodenale 
funejionale. sindrom Zollinger-Ellison, ! ra- 
ta meat al medical al he mora gill or digestive 
superioare, 

Este cunoscut faptu! ea afecjiunile diges- 
tive superioare, afecthmi cu etiopatologie 
complex!, de cele mm mvdLe ori necunoscuia, 
devin manifeste clinic prin cre^terea see- 
rejici gastriee acide. Depasirea limitelor en- 
tice individuate ale secrefiei aciduiui elor- 
iiidrie conduce la depasirea eapaeitatii de 
aparare a mucoaselar gastroduodenale (se- 
cret la gastrfea alcaiiiia, seerefia de mucus, 
bariera mucoasei gastriee, secret i a alcalina 
pancreatico-biliara) sL implicit, la ^poritia 
si persistent a sindromnhu de tip ul"eros. 

Instalarea umii proces hiperseeretor eon- 
tinuu pe fondul scazut al factorilor de apa- 
rare conduce, prin acUvarea pepsin ei, la 
procese eroxive gastroduodenale de tipul 
niselor (ulcerajiilor) sau perforajiilor. Mod a- 



pot fi mentio- 
clorhidric cu 
ai receptorilor 



Hi at lie terape.utiee aetuale u r mares c. cu 
unci except it, redueerea secret ei gastriee 
aeide. ereind astfel conditii de regenerate 
a leziunilor si de restabilire a factorilor de 
5 prolec|ie. 

Dint re aceste niodalitati 
nate urmatoarele: 

a) neut ralizarea acidului 

antaeide terapia elasiea ; 

Hi b) terapia cu hlocanti 
colinergici : 

terapia cu anticoiinergice vizind eli- 

mi n area factorilor de stimuiare neurovege- 
taiivi si SNC (Atropina, Pro»Ba:othine, 
j fl Pirenzepin etc.): 

— terapia cu aniagonisti ai receptorilor 
1 L-histaiiynici (Ciuieiidiiia, Ranitidina, Ox- 
nieUdiiia etc.); 

c) terapia antienziinatica cu inhibitor] ai 
2a ATP-azei K. H-dependenia (Omeprazole, 

Picoprazole), inhibitor! ai h is ti d in clecar bo- 
xiiazei etc.: 

d) terapia cu hlocanti ai mfluxuhii intra- 
celular de calciu (Nifedipin, Varapamil etc.). 

^ - ? Dint re except ii mentionain terapia da- 
sica cu pansamente gastrice, terapia cu 
factori de stimuiare a secret rei de mucus 
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(Carbenoxolone), terapia cu factori eilopro- 
teclori (PGE 2 , PGl a etc.) si terapia rti 
agent! de ac{kuie locala (SueralfaL Tricii- 
rat bipoiasic tie bisimit etc.), 

Dezavantajul aeestor metode const an Fie 
intr-o eficacitate red usa (procentele de vin- 
decare variind Intre 35 si 80%). hipcrsc- 
crejie react! va postterapeutica (an tacide), d Vi- 
rata indelungata .si costul ridicat al agent i~ 
lor lerapeulici sj, mai ales, in procenlul 
ridicat a! recidivelor. 

Introducerea metodei de tratament al 
afeetiuBilor gastroduodenale cu inhibitori ai 
anhidrazei carbonice de.se rise In invent ia 
principal 5 a rezolvat, in eea mai mare 
parte, aceste dezavaMaje. prin utilizarea 
unci compozitii avind eea mai ridicata si 
eea mai rapida efiearitatc terapeutica ala- 
turi de eel mai redus procent de recidivc. 

Inconvenientele ra mase ncrezol vale de 
compozitia §i meioda deserisa anterior -sint 
legate de existeirfa, in ami mite eazuri, a 
unci perioade de latent a de 2-5 zile, pei ioa- 
da necesara instalarii fenomenului de in- 
hibit ie, * n care manifestarile elimee dure- 
roase pot persista, De asemenea, dozele 
zimice de administrare sint desiul de ridi- 
eate si f en toate ca efectele secundare sint 
eliminate prin asocierile de factori compen- 
sator], utilizarea compozitiei este eon t rain- 
dicata in unele afectiuni ren ale grave. 

Introducerea metodei de tratament a 
afecfmnllor, gastrodiiodenale en inhibi tori 
ai anhidrazei carbonice a fost posibiia ea 
urmare a urm&toarelor fundamental! teo- 
retiee : 

— descoperirea anhidrazei carbonice - - 
Meldrun §i Houghton 1933; 

descoperirea implicarii enzimei in lan- 
ful biochimic clorhidrosecretor ia nivelul 
eelutei parietale — Davenport — 1938. S-a 
stabilit astfel ca prin catalizarea reversibiia 
a react i el : 

C0 2 + H t O =H s CO, ~H + +HC<V 
enzima intervene in me can is mid secrepei de 
acid elorhidric furnizlnd intraeehilar ionii 
de hidrogen necesari formani mtraluminale 
a acidului elorhidric, Beaetia, decurgmd si 
necatalizat la an nivel care poate asigura 
desHlsurarea normal a a aeestui proces, cer- 
cetarile an ramas la nivelul unei informatii 
sUmfifiee ; 

~ descoperirea inhibit orilor specific} ai 
anhidrazei carbonice de tipul s.u Ifon a mi del or 
Uadiazolice si benzotiazolice — Keillin sj 
Mann 1980; 

descoperirea posibilitajij de reduce re 
a secret iei gas trice acide. prin inhibit la en- 
zimei la animate — Ianovtz-C.olcher si Hol- 
lander, 1952; 

stabilirea faptului ca anhidraza car- 

boniea intcrvinc in lantul biochimic secret or 
al acidului elorhidric la nivelul eeluiei parie- 
tale. ca o etapa esentiala. de terminal a de 
viteza Pu$ca$, 1981 ; 



stabiijrey Fapluhii ca administrarea de 
inhibitor! in doze si perioade care >sa reali- 
zes o inhibiiie de peMe 80% a activilulii 
enzimei de mueoasa gastriea uinana con- 

r> dure la instalarea an acid it at it interprandiale 
si pe parcursul repausuhii sec ret or con) urn 
anaeiditate earacteristiea secret iei ga since 

bazaie: slabilirea dozei minirne efieienie 

Piiseas. 1071: 

id descrierea existent ei I'enomenuiui de 

octivare prelungita a anhidrazei carbonice 
la pacieniii cu afeefiuni gastrodiiodenale ca 

element etiopatogenelic Puscas. 1972- 

1074; 

15 - descrierea modalitaj ilor de eliminare 

si limit are a efeetelor secundare caracteris- 
tiee doze! or efieienie de inhibitori ai anhi- 
drazei carbonice, doze esentiale pentru insta- 
larea nnui elect antisecretor eficient — Pus- 

20 cas. 1972-1974: 

demons! rarea, in clinica umani a 

modali i at ii de tratament a a lection ilor gas- 
t ro d u o d en a le c n et i o pa t ogen ez a hi perseere- 
tone, prin instalarea unci anaeiditaji baza- 

25 le interprandiale si pe parcursul repausului 
secret or noeturn, proces realizat ea urmare 
a inhibifiei anhidrazei carbonice din mil- 

coasa gastrica umana Pose as, 1971-1977; 

Compoziiia descrisa de inTentia principals 

30 asoeiaza tin inhibitor de anhidraza carboniea 
cu bicarbonali de sod in si potasiu pentru 
compeosarea pierderiior elect rolit ice uiinare, 
citrat de so din sau de potasiu ca factor 
compensator profilactic, impotriva scaderii 
citraturiei pe parcursul administrarii in- 
hibitoruhn, oxid sau carbonat de magneziu 
ca factor sistemic anticalcic i?i adjuvant cu 
acjiune sinergica inhibitorului la nivelul 
enzimei si, optional, hidroxicl de aluminiu 

40 ca factor profilactic renal si reechilibrare 
fosfocalcica in situ alii specifics 

Trebuie mention at faptul ca aceasta com- 
pozitie este eficienta prin actiunea sa in- 
hibit orie asupra anhidrazei carbonice si nu 

45 necesita pentru realizarea aeestui elect o ami- 
mita capacitate neutralizanla antiaeida. Ad- 
xninist rarea sodiului, potashdui, magneziului 
si aluminiu iui in forme baziee s-a efectuat 
pentru contra ear area dezavantajuiui acestei 

50 modalitati tcrapeutice caracterizata de o 
perioad a de latent a definita ca perioada in 
care simptonuitologia clinica dureroasa a afec- 
liiinilor poate persist a, dezavantaj manifest 
in special ia paeientii cu afectiuni in pxiseu 

55 acut. Mai mult, pe linga faptul ca asoeie~ 
rea la inhibitor a unei capacitati de neutra- 
lizare ant acid a nu realizeaza decit partial 
acest deziderat, administrarea bicarbonate 
lirr reprezinia un dezavantaj prin faptul ca 

m prelungeste perioada de instalare a fenome- 
nului diuretic, iar administrarea magneziu- 
lui in formula anorganica este inferioara 
administrarii sub forma compusilor organici. 
Compozitiite, conform invenfiei comple- 

65 men t are, eontin urmatoarele: inhibitor - de 



anhidraza carbonica do Hp suifnuanudje; 

saruri de sodiu si potasiu: 

saruri anorganire si organic? de ma^- 

neziu; 

- hldroxid sau saruri organ ice do ahi- 
miniu; 

saruri mjtierate de acid citric; 

oligool.em.enlo; 

- neuroleptics ; 

antidepresivc Iricieliec: 

inhibitor! ai infhixuhii intraeeiuiar de 

calciu ; 

- inhibitor* do ATP-aza K, II -■ de- 

pendente : 

antagonists ai reeeptonlor I L-hisia- 
minici ; 

anUeolinergiee: 

- agenfi cu acini ne ioeaia, 

In invenlia principals inhibitor!! tie an- 
hidraza earboniea efieienti in t rat anient id 
act ami lor gas trod no den ale si at a celaxola mi- 
da, metazolamida, benzol a in id a, etoxzo la- 
nd da la care so adauga si benziiazol-2-suf~ 
fonamida. 

Compozijia, conform invent ieL prefect io- 
neaza invenfta prineipala cu deserieroa nr. 
$5370 prin aeeea ca este eonstftuita din 
(parti): 0.25, r , 1,8 acetazoiamida, 0,1... 1,4 
bicarbonat de sodiu. 0,1, ..3,17 bicarbonat 
de sodiu, 0,1. ,.3,17 bicarbonat de potasiu, 
2,25, ..4,5 oxid de magnesia, 0,29. ..0,58 ci- 
trat de sodiu, 0,42.. -.1 Mdroxid de alu miniu, 
asoeiate cu metazolamida 0...1.8 ben zona- 
raida, 0...1,8 benzUazol-2-sulfonandda 0*.. 
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eioxzotamida. 0...0.93 ca at are sau sub 
forma do saruri do K> Na, AS, Zn sau 0,., 
1.8 saruri de Na. K. Mg. At Zn ale aeela- 
zolamidei. 0.. .2.3-1 saruri de Na «i K ale 
aciYHor lactic, malic, pantotciHe. ^hicome, 
precuin si alto oligoelemente, 0..4.5 cu Zn, 
Mi*. Ca, Cu, Ni, Co. Mn sub forma de saruri 
ale acizilor sulfuric, lactic, glicinic, aspariic, 
citric, panfotenie. gluconic, alantnhiH, aso- 
date cu neurolepUce sau an lidepresjve ca 
0.. .0,076 fenobarbital. 0..,0,5 Huanxot 0... 
0,2 amilripUlina. 0...0.7 levomeproroazin » 
0...0.8 Mazepin. (!...tl? eimciidina, 0...0.15 
ranitidina, 0...0.03 nifedipina, ft. .0,0t> oine- 
prazol. preen m si 0...0.01 pEE... 0...0,3*j 
a I an toin a, 0... .1.4 carbon at de bis inn I, 0.. 
0,030 a tropins, 0...0,27 papaverine, 0...0JB 
propaiiiiliisa, partlle fiind ex primate in 
greulate. 

Se deseriu in continuare compozijii efi- 
dente In tra lament ul afecthudlor gastro- 
duodenaie in cart* can tit a tile de ingrcdiente 
sint exprimate. cu mici except ii, in mind, 
fiecare eo liipoz it ic reprezentind unit a tea de 
doza pent.ru 20 Kg eorp/zL cu efect echiva- 
lent unci compozltil standard de acetazoia- 
mida descrisa de invent ia prineipala. 

A. Modal Hti fi de administrate per m a 
romponenieior utile din compoziija standard. 

n t ) Inbjbitorii de anhidraza earboniea pot 
fi adndnistrati in forma libera sau saruri 
miuerale de sodiu. potaFlu, magneziu, alu- 
miniu. zinc, cupru, nichel, cobalt mangan 
etc. 



Exempli* i 


, | a | a 

] I 


I 

i 


aceiazo lam id& 


1,8 


0 1 


0 


0 


0 


taetazolamida 


0 


1,8 


0 


0 


0 


benzolamidd 


0 


tl | 


1,8 


0 


u 




0 


u 1 


0 




0 


etoxsolamida 


0 


; ° r ! 


0 


0 


0,95 


bicarboaal tu* sodiu 


0*6 




0,6 


03 


0 


bicarbonat de pota&ht 


l,5y 


: i.Df, | 


1,55 


1.55 


i/i 


oxid de tnagoezin 


4,5 




4,5 


4.5 




citntt de sodiu 




t IJ.58 ( 


0,53 


0,58 


i),4 


hldroxid de uhimipau 


I 


! 1 ! 


1 


1 


1 



Exemplu 


*^ 


6 i 


7 i 


* i 


9 


to 


11 ) 


» I 


: aeeip^oteiiuciH 


1,S 


0 




0 


0 


0 


0 


0 


: bicarboiuit de «odiu 




0 




0 


0,3-5 


0,35 


0 


0 


bicarbonat de potasiu 


1 ,55 




1,55 




1,25 


0 


0 


0 


citrat de sodiu 


0,58 


0,58 




0.58 


0,58 


0,58 


OM 


0,4 


oxid de magneziu 


4,5 


4,5 






4 r 5 


4,5 


3,05 


4,5 


hidroxid de alumlniu 


t 


1 


i 




1 


1 


1 


i 


acet a zolam idd-sodiu 


0 


0,6 






0 


0 


0 


0 


acetazolannda-poia&ki 


0 


1.2 


0 


0.3 


0 


0 


0 


0 


a«et a zo lamidS-m agn e? i a 


0 


0 


1.8 


0,5 


0 


0 


0 


0 


ac«tazoiam i da-a lamia hi 


0 


0 


0 


0.3 


n 


0 


0 


0 


ace lazo t$m ida-zinc 


0 


0 


0 


OJ 


0 


0 


0 


0 


metazo lanii d a~pot & s hi 


0 


d 


0 


ii 


1.55 


0 


0 


0 


benzolairdda-potiisiu 


0 


0 


0 


0 


i 0 


1 ,55 


0 


0 


benztlazD^^aifonamidS-K 


0 


0 


0 


0 


0 


0 


1,55 


0 


etoxzolam ida-po tashi 


0 


0 


0 


0 


0 


0 


0 


0,95 


betl2Ud20t-2«suJfonamjda-Nu 


0 


0 


0 


0 




: 0 


0,6 


0 




0 


0 


0 


« 


u 


0 


i,4:> 


0 


metazola m ida -sodiu 


0 


0 


1) 


0 


0,25 


0 


0 


0 


beazolaniida-sifdai 


0 


0 


0 


0 


0 


0.25 


0 


0 
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a 2 ) Sodiul pode fi admwislrai suh forma de saruh ur.oryunice sail o nuance 



Kxemplul 


1 




I 1 


1 :» 


i ii | 


1 ? 


18 


aeetaiolamtda 


LB 


1.8 


1.8 


1.8 


i 

us 


13 


KH 


bicarb onat de sodiu 


0.6 


0 


0 i 




0 i 


li 


0 


biearbonat tie potash* 


135 




H 


:; ! 


u 


0 


13 


eilrat de sodfu 


038 




tl 






ii 


038 


ox id de magncxiu 


43 


43 


43 






.13 


4 3 


hidroxid de akunmhi 


1 


! 


i 


i i 


1 


1 




ctorord de sod hi 


o 


03 


234 


0 


u 


0 


0 


lac tat de sodiu 


0 


0 


0 


o ! 


03 5 


o 


0 


ma tot de sodiu 


0 


n 


0 


» ! 


03 • 


0 


0 


pantotcnal de sodiu 


« 


0 


n 


u | 


0,4 


0 


0 


gluconat de sodiu 




c> 


0 


0 


0 




11 


a ce tazolu mid.$-so d i u 


0 


(} 


0 


0 


ti 


0 


13 


cifoit de potasiu 


0 


0 


»3« 


038 


038 


n.58 


0 



a 3 ) Potaslul poait fi, de asemenea, admuiktral cu forma de saruri amrganke sail organic® 



Exemplu) 


! 


\ 9 


20 


| 21 


22 i 


21 


24 


aeetazoiamidu 


1.8 


13 


1 3 


\ 1.8 


13 


13 


0.25 


biearbonat de sodiu 


0 r 6 


03 


0.15 


I 0,0 


0,6 : 


03 


0.6 


biearbonat potasiu 


13d 


0 


0 


i o 


0 


0 


0 


e viral de sodiu 


038 


03*5 


038 


! 0.58 


038 


03B 


038 ; 


oxid, de nmgmmu 


43 


4,5 


4,5 


•13 


43 ! 


43 


43 


hidroxid de alumimn 


i 


1 


1 


■ 1 




1 


1 


clorara de potasiu 


0 


135 


o 


0 


0 


0 


0 


iaeiat de potasiu 


0 


0 


1 35 


: n 


0 , 


0 


0 


malat de potasiu 


0 


0 


0 


; o 


135 ; 


0 


0 


gJoeonat de potasiu 


0 




« 


1 o 


« 1 


' J 35 


0 


ace t a zota in i da-potasiu 


u 


0 


0 


0 


0 


0 


135 



a 4 ) M<^ne;i»i poate fi admistrat sub forma de saruri unortjanke mu oraanke 



ExempluJ 


t 


23 


20 


■r, 


28 


20 


:-m> 


:n j 32 


aceiazolamidS 


M 


1,8 


i,s 


1.8 


1 3 


1,8 


1.8 


1,8 


0 


biearbonat de sodiu 




0,6 


0,6 


0,6 


03 


234 


03 


0,6 


03 


biearbonat de potasiu 


1,55 


1,55 


135 


1,55 


1 35 


135 


135 


1 ,55 


1,55 


citrat de sodiu" 


0,58 


0,58 


038 




0,58 


0 




0,58 


0,58 


oxid de magneziu 


43 


0 


0 


? 1 


0 


0 


(} 


0 


0.7 


hidroxid de aiuminiu 


1 


J 


1 




1 


% 


1 


1 


a 


sulfa! de magnezEu 


0 


43 


0 


0 


0 


0 


0 


0 


0 


laetat de magneziu 


0 


0 


33 


0 


(i 


0 


0 


0 


0 


glicinat de magneziu 


0 


0 


0 


23 i 


0 


0 


0 


0 


0 


aspartal de magneziu 


0 


0 


0 


o ! 


2,5 


0 


0 


0 


0 


eitrat de magneziu 


0 


0 


0 




23 


23 


0 


0 


0 


giucofiat de roagneziu 


0 


0 


0 


o j 


0 


0 


23 


0 


0 


pan tot enal de magneto 


0 


0 


0 


0 


o 


0 


0 


<•» 3 


0 


ace lazolam id a-magneziu 


0 


0 


0 


0 | 


0 


0 


0 


0 


1,8 



a 5 ) Alumlmul poate fi adminisirai sub forma de saruri anorganic? sou organke 



ExempKil 


X 


[ » 


u 


35 


:m 


37 


38 


aeeta£o*amidu 


13 


1,8 


1,8 


1.8 


1,8 


1 3 


0,8 


biearbonat de sodiu 


03 


0,6 


0,6 


234 


0*6 


0,6 


0,6 


biearbonat de potasiu 


135 


135 


135 


1 35 


1,55 


135 


1,55 


citrat de sodiu 


0,58 


0,58 


03S 


0 


0,58 


0,58 


0,58 


oxid de magneziu 


43 


43 


43 


43 


43 


43 


4,5 


hidroxid de alum in iu 


1 


0 


0 


0,42 


0 


0 


0 


alantoinat de alutmniu 


0 


1 


0 


0 


0 


0 


0 


pan to tena t de alum in I u 


0 


0 


1 


0 


0 


0 


0 


citrat de aiuminiu 


0 


0 


0 


0,58 


0 


0 


0 


aspartat de aiuminiu 


0 


0 


0 


0 


1 


0 


0 


glicinat de aiuminiu 


0 


0 


0 


0 


0 


1 


0 


aceiazo lam ida-a tomin i u 


0 


0 


(1 


0 


0 


0 


1 



9 



881151 
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u s ) Acidul citric poafe fi ad mini sir at tub forma de saruri anorganic? 



' i 


i I 39 


11 J 


•l 1. 


A *"> 


4 J 


4 4 


45 | 40 


acrta/utumidu. 


1,8 


1,8 


1,8 


1,8 


3.8 


1,8 


1.8 


1.8 


; 1,8 


1> icn J'boiHi i de M'Hiill 


0.6 


2,:m 


2*34 


2,34 


2*34 


2.34 


2.34 


2,34 


; 2,34 


t hk'arlmual de pntuslu 


J ,55 


0 




1,55 


0.11 


0,41 


(1,71 


l 


1 1,31 


. rKuO de Mttfiu 


0.68 


0 


0 


(1 


0 


0 


(l 


0 


i 0 


j t»\iii de r.vA'J\\vz.\\\ 


4,5 


4,5 




4,5 


4,5 


4Ji 


4.5 


4.5 


! 4,5 


1 hidroxid i\v iilmnmiti 


1 


i 


1 


0,42 


t 


1 


I 


i 


i l 


| i-'Aiui de pohisJa 


0 




0 


0 


0,48 


o,38 


0.2a 


OAS 


! o>oa 


j vilnt! do ina^uer/iu 


0 


0 


0,58 


0 


0 


0 


0 


U 


1 0 


titr.i1 de alum in hi 


0 


0 


0 


0,58 


0 


0 


0 


0 


! o : 


eitnU de zine 


! 


o 


0 


0 


0.1 


0.1 


0.1 


0,1 


1 0,1 


curat tie ajpnt 




1) 


{I 


0 


f) 


OA 


0,1 


0,1 


I 0,1 ! 


citrat de nithcl 


0 


0 


(1 


0 


0 


0 


0.1 


0.1 


1 0,1 


cJtrat de cobalt 




0 


o 


0 


0 


0 


1) 


0,1 


1 OA 


cit rat de manjiaji 


o 


0 


0 


0 


u 


0 


u 


o 


I OA 



B. Mtiode tie reducere a dozei efkiente de Inhibitor 
h0 Asocierea de (digo el entente 



Exemplu 


1 


47 


48 


49 


50 51 


52 | 53 


neetazolam ids 


i,s 




1,8 




0,9 


1 ,08 


0 


0 


bicarbonat dc sod hi 


0.6 


0,42 


1,4 


0,38 


0,3 


0,36 


0,42 


0,42 


bicarbonat de potasta 


2,55 


1,08 




■0,93 


0,775 


0,93 


1,08 


1,08 


cHmt de sod iu 




0,4 


0 


0,348 


0.28 


0.348 


0.4 


0.4 


ox id de raugneziu 
hidroxid de alum in* u 


4,5 


3,15 


2,7 


2,7 


2,25 


2,7 


3,15 


3,15 


1 


0,7 


0,6 


0,6 


0.5 


0,7 


0,7 


0,7 


sulfa t de zinc 


0 


2 


0 


0 


0 


0 


0,8 


0 


citrat de zinc 


0 


0 


1,5 


0 


0 


0 


0 


0 


glicinal de zinc 


0 


0 




1,5 


« 


o 


0 


0 


aspartat de zinc 


0 


0 


0 


0 


2,5 


0 


0 


0 


gluconat de zinc 


0 


0 


0 


0 


0 


1,5 


0 


0 


glueonat de cupru 


0 


0 


0 


0 


0 


0 


0 


0,1 


! glue on at de cobalt 


0 


0 


0 


« 


0 


0 


0 


0,1 


gluconat de niche 1 


0 


0 


0 


0 


0 


0 


0 


0,1 


giuconal de mangan 


0 


0 


0 


0 




0 


0 


0,1 


i a c e t a zola m i d a~zin c 


0 


0 


0 


0 


0 


0 


1 ,26 


1.20 



b 2 ) Asocierea de neuroleptic* sau antidepresive Iriciclice 



Exemplu 1 


1 


54 


55 


56 


57 J 58 


aeetazoiamida 


1.8 


1 .53 


U44 


1,5;! 


1,53 


1,52 


btearbonai: de sodvu 


0.6 


0.51 


0.48 


0.51 


0,51 


0,51 


bicarbonat de potasui 




1.32 


1.24 


1,32 


1,32 


1,32 


citrat de sodlu 


0,58 


0,49 


OAti 


0.49 


0.40 


0,49 


ox id d c magnezin 


4,5 


3,3 


3,0 






3,8 


hidroxid de ahiminiu 


1 


0.85 ' 


0,35 


0,85 


0,85 


0,85 


Tenobarbital 


0 


0.076 


0 


0 


0 


0 


flun xol 


0 




0,3 ma 


0 


0 


0 


aoiitripUliinl 


0 


0 


0 






(j 


levomeproniazhi 


0 


0 


0 


r 


0,007 


0 


siczapin 


0 


0 


0 




• 0 


0.8 



b 3 ) Asocierea de antagonist ai recepiorilor H 2 -hislaminici. blovmiv ai influxului intra- 
celular de calciu, inhihiiori ai A TP-azei K,. H-d epen deal e p rosl u$lan < • i i ? e 

. 1 dminhlrare parenteral a 



Exemplul 


1 


59 


60 


01 


i-2 


03 


acetazolanikM 


1,8 


!,2C> 




1 .OK 


1 J »8 


1,08 


bicarbonat de potasiu 


1.55 


i 


1 




0.0:;i 


0,93 


bicarbonat de sodiu 


0,6 


0,42 


0.42 


o,:>6 


o.:m 


0.38 


citrat de sodiu 


0,58 


0,4 


0,4 


0,35 


0.35 


0,35 


ox id de nmgneziu 


4,5 


3,15 


1,15 


2.7 


2.7 


2,7 


hidroxid de alumiruu 


1 


0,7 


0.7 


0,6 


0,6 


0,6 


eimetidina 


0 


0,58 




0 


0 


0 


ranitidine 


■ 0 


0 


0,15 


0 


0 


0 


Bifedipina 


0 


0 


0 


0,03 


0 


0 


omeprazole 


0 


0 


0 


0 


0,03 


0 


PGE 2 


0 


0 


so 


0 


0 


0,014 



CI Me! ode de reducere « perwadel de fat en (a 



c x ) Asocierea de aleaiiirizarJe si pansamenie gastric* 1 



Kxcmplul 


1 


U 


1*5 


aeetazoJamida 


1,8 


1 ,6 


1 ,8 


btcarhonat cle mdhi 


0,6 


n 


1 ,36 


bicarbonat de potash? 


1 ,5.5 


(j 


:u.7 


c it rat de sod in 


DM 


u 


0 | 


ox id de magnezm 


4,5 


CI 


n 


hidroxid de aluinuiiu 


1 


i 




clorura de pota&Ju 


0 




0 


c'lorura de sodiu 


o 




0 


sulfa t de magneziu 


u 




0 


panioiet)dt dc calchi 


0 


n 


o.:m 


aJantoiiia 0 


0 


o 




b ism u t subca rbomc 


0 


o 


1.4 


carbonat de niagneziii 


0 


n 




citrat dc magnezhi 


0 




0 


perioada de latenta 




3-5 




(zlte) 








frecventa dc apariffe % 


30-40 


50-60 


30-40 ! 



c 2 ) Asocierea ?/i primele zile de traiameni cu n enrol epi ice $au antidepresive Iriciclice 



Exemplol 


1 


m 


67 


58 


m 


acetazolamida 


i,a 




US 


1,8 


? ,8 


bicarbonat de sodiu 


0,6 


0,6 




0,6 


0,H 


bicarbonat de pota$iu 




1,55 


X ,55 


1 ,55 


1,55 


citrat de sodiu 




tiM 


0,58 


0,58 


n,5S 


oxid de magneziu 




4,5 


4,5 


4,5 


4,5 


hidroxid de aftsminiu 


1 


1 


1 


1 


1 


fenobarbitaJ 


0 


0 


0,5 nni 


0 


0 


levomepromazin 


0 


0 


0 


0,07 


0 


amitripOUna 


0 


0 


0 


0 


0,2 


perioada de administrate 


3 


3 


3 


3 


3 


(zile) 












perioada de latent a 


2*5 


2-3 


2-3 


2-3 


2-3 


(zile) 












frecvenla de apan|ie % 


30-40 


25-30 


25-30 


25-30 


25-30 



c 3 ) Asocierea in primele zile de traiameni de inhibitor! ai influxuhii iidracelular de ealeiu 
inhibiion de ATP-aza K, H-dependenta antagonist} ai reeepiorilor H z -hi$taminci 



Exemplul 


t 


70 


71 


72 


73 


acetazolamida 


1,8 


1 ,8 


1 .8 


1,8 


M 


bicarbonat de sodiu 


0,6 


0.6 


0,6 




0,6 


bicarbcmat de potaslu 


1,55 


1.55 


1 ,55 
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ORAL PHARMACEUTICAL DOSAGE FORMS COMPRISING A PROTON PUMP 
INHIBITOR AND AN ANTACID AGENT OR ALGINATE 

Field of the invention 

The present invention is related to new oral pharmaceutical preparations especially for use 
in the prevention and treatment of dyspeptic symptoms like upper abdominal 
pain/discomfort and heartburn. The present preparations comprise a combination of 
different gastric acid suppressing agents, such as an acid susceptible proton pump inhibitor 
and antacid agent(s) and /or an alginate in a new fixed unit dosage form, especially a 
tableted dosage form. Furthermore, the present invention refers to a method for the 
manufacture of such preparations and the use of such preparations in medicine, especially in 
the treatment of dyspeptic symtoms. 

Background of the invention 

Dyspepsia is a common disorders and patients are seeing both gastroenterologists and 
general practicians because of it. Heartburn is a symptom of dyspepsia, and it is estimated 
that 44% of Americans have heartburn at least monthly and some has to contact a doctor 
about the problem, but only around 25 % of the patients are seeing the doctor because of 
their dyspepsia problem. Symtoms associated with dyspepsia symtom are for instance upper 
abdominal pain/discomform and heartburn, indigestion, sour stomach, heartburn and other 
gastrointestinal disorders including gastro oesophageal reflux.The wide diversity of 
symptoms and disease severity produced by gastro oesophageal reflux has led to the need 
for more individualized treatment strategies. 

Therapeutic agents effective in the treatment of dyspepsia include gastric acid suppressing 
agents, such as H2 receptor antagonists, proton pump inhibitors, other agents of interest are 
antacids/alginates and prokinetic agents. These agents can be distinguished by their 
mechanisms of action, safety profile, pharmacokinetics and indications. 
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WO 95/017080 describes a composition for use in the treatment of for instance heartburn, 
the composition comprises a H2 receptor antagonist, such as famotidine, and an alginate 
and optionally simethicone. 

Antacid agents and alginates may be used alone in the treatment of heartburn. They have a 
short duration of action but are seen as inexpensive and safe. Antacid agents work locally 
through a neutralisation of gastric acid. Alginates further give some mechanical protection 
against reflux or gastric acid into the oesophagasus. The main advantages of antacid agents 
and alginates are, that they provide fast relief of symtoms. The main disadvantage of antacid 
agents and alginates is that, dosing has to be repeated frequently to keep the patients free of 
symtoms, further that antacids in many cases do not provide symtom resolution, i.e. 
complete relief of symtoms. 

H2 receptor antagonists are widely prescribed for reducing gastric acid secretion 
systemically. Proton pump inhibitors, such as omeprazole, are rapidly taking share from H2 
receptor antagonists. Omeprazole is known to offer significant gain over H2 receptor 
antagonists in terms of symptom resolution, healing and prevention of relapse. Proton pump 
inhibitors provide symtom resolution, but normally not immediately. 

Proton pump inhibitors have in clinical studies been proven to be very effective in providing 
symtom resolution (usually within 24 - 48 hours) in patients with dyspepsia associated with 
gastric ulcers, duodenal ulcers, reflux oesophagitis and gastro oesophageal reflux without 
oesophagitis. It is for instance established that omeprazole is superior to H2 receptor 
antagonists regarding healing of gastroduodenal and oesophageal lesions as well as 
providing dyspeptic symtom resolution in these conditions, See Eriksson S., Euro Journ of 
Gastroenterology & Hepatology 1995, 7 : 465. 

EP 338861 describes a solid pharmaceutical preparation of an antacid and excipients. It is 
proposed to use this preparation in combination with a proton pump inhibitor or any other 
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substance inhibit gastric acid secretion. There is no suggestion to combine these substances 
in one fixed unit dosage form. 

US 5 244 670 describes an ingestible pharmaceutical composition comprising a substance 
selected from the group consisting of antacid agents, acid secretion prevention agents, 
bismuth-containing agents, and mixtures thereof, and the excipient 3-1-menthoxy propane 
1,2-diol. There are no specific arrangements discussed in neither of these references, to 
solve the problem with one of the component being an acid susceptible proton pump 
inhibitor. 

A combination therapy of a proton pump inhibitor and an antacid or an alginate would 
provide immediate symtom relief, provided by the local effect of the antacid agent or the 
alginate, combined with a long-lasting symtom resolution provided by the systemically 
acting proton pump inhibitor. Such a combination would be ideal for "on-demand treatment 
" of dyspepsia as well as for symtom resolution. The combination therapy comprising an 
acid suppressing agent, for instance a proton pump inhibitor, together with an antacid agent 
or an alginate could also be an alternative to each of them separately in case of failure. 

It is well known that patient compliance is a main factor in receiving good results in medical 
treatments. Administration of two or even more different tablets to the patient is not 
convenient or satisfactory to achieve the most optimal results. The present invention now 
provides new oral dosage forms comprising two or more active substances combined in one 
fixed unit dosage form, preferably a tablet 

Some gastric acid suppressing agents, such as proton pump inhibitors, are susceptible to 
degradation/transformation in acid reacting and neutral media. In respect of the stability 
properties, it is obvious that the one of the active substances being a proton pump inhibitor 
must be protected from contact with acidic gastric juice by an enteric coating layer. There 
are different enteric coating layered preparations of proton pump inhibitors described in the 
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prior art, sec for example US-A 4,786,505 (AB Hassle) describing a preparation comprising 
omeprazole. 

There are problems to produce a fixed unit dosage form comprising a rather high amount of 
active substance. Different active substances in the same preparation give further problems. 
Preparation of a multiple unit tableted dosage form arises specific problems when enteric 
coating layered pellets comprising an acid susceptible proton pump inhibitor as active 
substance are compressed into tablets. If the enteric coating layer does not withstand the 
compression of the pellets into a tablet the susceptible active substance will be destroyed 
upon administration by penetrating acidic gastric juice, i.e. the acid resistance of the enteric 
coating layer of the pellets will not be sufficient in the tablet after compression. 

Summary of the invention 

The present invention provides oral, fixed unit dosage forms, i.e. multiple unit tableted 
dosage forms, layered formulations comprising an enteric coating layered tablet core, 
multilayered tablets or a sachet filled with more than one pharmaceutically active 
compound. The active compounds present in the dosage form are preferably an acid 
susceptible proton pump inhibitor and antacid agents. Alternatively, in some of the 
formulations the antacid agents may be replaced by an alginate. These new dosage forms 
will simplify the regimen and improve the patient compliance. 

Brief description of the Figures 

Fig. 1 illustrates a cross-section of a multiple unit tableted dosage form comprising an 
acid susceptible proton pump inhibitor in the form of enteric coating layered pellets (1) in 
admixture with antacid agent(s) and pharmaceutical excipients(2). Optionally, the tablet is 
covered by a filmcoating layer, i.e. tablet coat (7). 
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Fig. 2 illustrates a cross-section of a tablet with two separate layers, one of which 
comprising enteric coating layered pellets of an acid susceptible proton pump inhibitor (1) in 
admixture with excipients (3) and the other layer comprising a mixture of pharmaceutical 
excipients and an antacid agent(s) or an alginate (2). Optionally the layers are separated by 
an anti-tacking layer. Further the tablet is optionally covered by a filmcoating layer (7). 

Fig. 3 illustrates a cross-section of a tablet comprising a mixture of pharmaceutical 
excipients and an acid susceptible proton pump inhibitor in the tablet core (5) surrounded by 
of an enteric coating layer (8) optionally with a separating layer applied in between the 
tablet core and the enteric coating layer and upon the enteric coating layer a layer of the 
antacid agent(s) in admixture with pharmaceutical excipients 6). Optionally, the tablet is 
covered by a filmcoating layer (7). 

Detailed description o f the invention 

One object of the invention is to provide an oral, multiple unit tableted dosage form 
comprising an acid susceptible proton pump inhibitor in the form of individually enteric 
coating layered units together with one or more antacid agents in the form of a powder or 
granules compressed into a tablet The enteric coating layer(s) covering the individual units 
of the acid susceptible proton pump inhibitor has properties such that the compression of 
the units into a tablet does not significantly affect the acid resistance of the individually 
enteric coating layered units. Furthermore, the multiple unit tableted dosage form provides a 
good stability to the active substances during long-term storage. 

A further object of the invention is to provide a multiple unit tableted dosage form, which is 
divisible and easy to handle. Such a multiple unit tableted dosage form comprising enteric 
coating layered pellets of a proton pump inhibitor and antacid agent(s) also may be 
dispersed in a slightly acidic aqueous liquid and can be given to patients with swallowing 
disorders and in pediatrics. Such a suspension of dispersed units/pellets of appropriate size 
can be used for oral administration and also for feeding through a naso-gastric tube. 
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Another object of the invention is to provide a tablet preparation comprising a proton pump 
inhibitor in admixture with tablet excipients in a tablet core and a separate layer surrounding 
the tablet core, which layer comprises one or more antacid agent(s) in admixture with 
pharmaceutical excipients compressed onto the tablet core. The tablet core is enteric 
coating layered before the surrounding layer comprising the antacid agents is applied. 
Optionally a separating layer is applied on the tablet core before the core is enteric coating 
layered. 

Alternatively, the prepared tablet is sectioned in separate layers, each one comprising 
different active substances. One of the layers comprises the proton pump inhibitor in the 
form of enteric coating layered pellets in admixture with pharmaceutical excipients and the 
other layer(s) comprises(-e) the antacid agent(s)/alginate, respectively in admixture with 
pharmaceutical excipients. Optionally the two layers are separated by a separating layer to 
prevent tacking between the two layers. 

The new fixed unit dosage forms comprise as active substances one gastric acid suppressing 
agent, such as an acid susceptible proton pump inhibitor, and antacid agent(s)/alginate. 
Alternatively, the proton pump inhibitor in the form of enteric coating layered pellets may 
be mixed with an alginate and optionally pharmaceutical excipients to be administred in a 
sachet intended for oral administration after dispersion in a sligthly acidic aqueous solution. 
The new fixed dosage form is preferably in the form of a multiple unit tableted dosage form 
containing enteric coating layered units comprising the active substance being an acid 
susceptible proton pump inhibitor and granules comprising the other active substance(s), i.e. 
the antacid agent(s) as shown in Fig. L 

The antacid agent(s) may preferably be formulated in preparations intended for instant 
release. Alternatively, the components may be formulated in an effervescent formulation. 

The different therapeutically active components used in the dosage forms are defined below. 



WO 97/25066 



PCT/SE96/01737 



7 



Active substances 



The gastric acid suppressing agent is preferably an acid susceptible proton pump inhibitor. 
Such proton pump inhibitors are for example compounds of the general formula I 

O 

II I 
Het— X — S— Het^ 

wherein 




Het2 is 




wherein 
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N in the benzimidazole moiety means that one of the carbon atoms substituted by R6-R9 
optionally may be exchanged for a nitrogen atom without any substituents; 

Rl, R2 and R3 are the same or different and selected from hydrogen, alkyl, alkoxy 
optionally substituted by fluorine, alkylthio, alkoxyalkoxy, dialkylamino, piperidino, 
morpholino, halogen, phenyl and phenylalkoxy; 

R4 and R5 are the same or different and selected from hydrogen, alkyl and aralkyl; 
R^' is hydrogen, halogen, trifluoromethyl, alkyl and alkoxy; 

R6-R9 are the same or different and selected from hydrogen, alkyl, alkoxy, halogen, halo- 
alkoxy, alkylcarbonyl, alkoxycarbonyl, oxazolyl, trifluoroalkyl, or adjacent groups R6-R9 
form ring structures which may be further substituted; 

RlO ^ hydrogen or forms an alkylene chain together with R3 and 

Rl 1 and Rj 2 are the same or different and selected from hydrogen, halogen or alkyl, alkyl 
groups, alkoxy groups and moities thereof, they may be branched or straight C\ - C9 - 
chains or comprise cyclic alkyl groups, such as cycloalkylalkyL 

Examples of proton pump inhibitors according to formula I are 

0CH3 




Omeprazole 
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10 The proton pump inhibitors used in the dosage forms of the invention may be used in 

neutral form or in the form of an alkaline salt* such as for instance the Mg 2+ 'Ca 2+, Na + , K + 

+ 2+ 
or Li salts, preferably the Mg salts. Further where applicable, the compounds listed 

above may be used in racemic form or in the form of a substantially pure enantiomer 

thereof, or alkaline salts of the single enantiomers. 
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Suitable proton pump inhibitors are for example disclosed in EP-A 1-0005 129, 
EP-A1-174 726, EP-AM66 287, GB 2 163 747 and WO90/06925, W091/19711, 
W091/19712, and further especially suitable compounds are described in WO95/01977 and 
W094/27988. 

The gastric acid suppressing agent is preferably an acid susceptible proton pump inhibitor 
but H 2 receptor antagonists such as ranitidine, cimetidine or famotidine may be used in the 
pharmaceutical compositions with an alginate as proposed in WO 95/ 017080 or together 
with antacid agent(s). 

A wide variety of antacid agent(s) and/or alginates may be used in combination with a 
suitable proton pump inhibitor in the fixed unit dosage form according to the present 
invention. Such antacid agents include for example aluminium hydroxide, calcium 
carbonate, magnesium hydroxide, magnesium carbonate and aluminium magnesium 
hydroxide carbonate (hydrotalcit) taken alone or in combinations with each other. The 
alginates may be an alginate selected from alginic acid or sodium alginate or other 
pharmaceutically acceptable alginate salts, hydrates, esters etc. Especially preferred antacid 
agents are magnesium or calcium based antacid agents and aluminium hydroxide/magnesium 
carbonate complex. Suitable antacid agents are for instance described in US 5 409 709. 

The preferred multiple unit tableted dosage form comprising a proton pump inhibitor in the 
form of a racemat, an alkaline salt or one of its single enantiomers in combination with 
antacid agent(s), is characterized in the following way. Individually enteric coating layered 
units (small beads, granules or pellets) containing the acid susceptible proton pump inhibitor 
and optionally containing alkaline reacting substances, are mixed with the antacid(s) and 
conventionally tablet excipients. The antacid(s) and tablet excipients may be dry mixed or 
wet-mixed into granules. The mixture of enteric coating layered units, antacid agent(s) and 
optionally excipients are compressed into the multiple unit tableted dosage forms. With the 
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expression "individual units" is meant small beads, granules or pellets, in the following 
referred to as pellets of the proton pump inhibitor. 

The compaction process (compression) for formulating the multiple unit tableted dosage 
form must not significantly affect the acid resistance of the enteric coating layered pellets. In 
other words the mechanical properties, such as the flexibility and hardness as well as the 
thickness of the enteric coating layer(s), must secure that the requirements on enteric coated 
articles in the United States Pharmacopeia are accomplished in that the acid resistance does 
not decrease more than 10% during the compression of the pellets into tablets. 

The acid resistance is defined as the amount of proton pump inhibitor in the tablets or 
pellets after being exposed to simulated gastric fluid USP, or to 0,1 M HC1 (aq) relative to 
that of unexposed tablets and pellets, respectively. The test is accomplished in the following 
way. Individual tablets or pellets are exposed to simulated gastric fluid of a temperature of 
37°C. The tablets disintegrate rapidly and release the enteric coating layered pellets to the 
medium. After two hours the enteric coating layered pellets are removed and analyzed for 
content of the proton pump inhibitor using High Performance Liquid Chromatography 
(HPLC). 

Further specific components used in the fixed unit dosage forms of the present invention are 
defined below. 

Core material - for enteric coating layered pe llets comprising a proton pump inhibitor 

The core material for the individually enteric coating layered pellets can be constituted 
according to different principles. Seeds layered with the proton pump inhibitor, optionally 
mixed with alkaline substances, can be used as the core material for the further processing. 

The seeds which are to be layered with the proton pump inhibitor can be water insoluble 
seeds comprising different oxides, celluloses, organic polymers and other materials, alone or 
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in mixtures or water-soluble seeds comprising different inorganic salts, sugars, non-pareils 
and other materials, alone or in mixtures. Further, the seeds may comprise the proton pump 
inhibitor in the form of crystals, agglomerates, compacts etc. The size of the seeds is not 
essential for the present invention but may vary between approximately 0. 1 and 2 mm. The 
seeds layered with the proton pump inhibitor are produced either by powder or 
solution/suspension layering using for instance granulation or spray coating layering 
equipment 

Before the seeds are layered, the proton pump inhibitor may be mixed with further 
components. Such components can be binders, surfactants fillers, disintegrating agents, 
alkaline additives or other and/or pharmaceutically acceptable ingredients alone or in 
mixtures. The binders are for example polymers such as hydroxypropyl methylcellulose 
(HPMC), hydroxypropyl-cellulose (HPC), carboxymethylcellulose sodium, polyvinyl 
pyrrolidone (PVP), sugars, starches or other pharmaceutically acceptable substances with 
cohesive properties. Suitable surfactants are found in the groups of pharmaceutically 
acceptable non-ionic or ionic surfactants such as for instance sodium lauryl sulfate. 

Alternatively, the proton pump inhibitor optionally mixed with alkaline substances and 
further mixed with suitable constituents can be formulated into a core material. Said core 
material may be produced by extrusion/spheronization, balling or compression utilizing 
conventional process equipment The size of the formulated core material is approximately 
between 0.1 and 4 mm and preferably between 0.1 and 2 mm. The manufactured core 
material can further be layered with additional ingredients comprising the proton pump 
inhibitor and/or be used for further processing. 

The proton pump inhibitor is mixed with pharmaceutical constituents to obtain preferred 
handling and processing properties and a suitable concentration of the substance in the final 
mixture. Pharmaceutical constituents such as fillers, binders, lubricants, disintegrating 
agents, surfactants and other pharmaceutically acceptable additives. 
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Further, the proton pump inhibitor may also be mixed with an alkaline, pharmaceutically 
acceptable substance (or substances). Such substances can be chosen among, but are not 
restricted to substances such as the sodium, potassium, calcium, magnesium and aluminium 
salts of phosphoric acid, carbonic acid, citric acid or other suitable weak inorganic or 
organic acids; aluminium hydroxide/sodium bicarbonate coprecipitate; substances normally 
used in antacid preparations such as aluminium, calcium and magnesium hydroxides; 
magnesium oxide or composite substances, such as Al203.6MgO.CC>2.12H20, 
(Mg6Al2(OH)i6C03.4H20), MgO.Al2C>3. 2Si02.nH20 or similar compounds; organic 
pH-buffering substances such as trihydroxymethyl-aminomethane, basic amino acids and 
their salts or other similar, pharmaceutically acceptable pH-buffering substances. 

Alternatively, the aforementioned core material can be prepared by using spray drying or 
spray congealing technique. 

Enteric coating layers 

Before applying the enteric coating layer(s) onto the core material in the form of individual 
pellets or tablets, the pellets or tablets may optionally be covered with one or more 
separating layer(s) comprising pharmaceutical excipients optionally including alkaline 
compounds such as pH-buffering compounds. This/these separating layer(s), separate(s) the 
core material from the outer layers being enteric coating layer(s). The separating layer(s) 
protecting the proton pump inhibitor should be water soluble or rapidly disintegrating in 
water. 

The separating layer(s) can be applied to the core material by coating or layering procedures 
in suitable equipments such as coating pan, coating granulator or in a fluidized bed 
apparatus using water and/or organic solvents for the coating process. As an alternative the 
separating layer(s) can be applied to the core material by using powder coating technique. 
The materials for the separating layers are pharmaceutically acceptable compounds such as, 
for instance, sugar, polyethylene glycol, polyvinylpyrrolidone, polyvinyl alcohol, polyvinyl 
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acetate, hydroxypropyl cellulose, methylcellulose, ethyl-cellulose, hydroxypropyl methyl 
cellulose, carboxymethylcellulose sodium and others, used alone or in mixtures. Additives 
such as plasticizers, colorants, pigments, fillers anti-tacking and anti-static agents, such as 
for instance magnesium stearate, titanium dioxide, talc and other additives may also be 
included into the separating layer(s). 

When the optional separating layer, is applied to the core material it may constitute a 
variable thickness. The maximum thickness of the separating layer(s) is normally only 
limited by processing conditions. The separating layer may serve as a diffusion barrier and 
may act as a pH-buffering zone. The pH-buffering properties of the separating layer(s) can 
be further strengthened by introducing into the layer(s) substances chosen from a group of 
compounds usually used in antacid formulations such as, for instance, magnesium oxide, 
hydroxide or carbonate, aluminium or calcium hydroxide, carbonate or silicate; composite 
aluminium/magnesium compounds such as, for instance Al2C>3.6MgO.C02.12H20, 
(Mg6Al2(OH) 16 C0 3 .4H 2 0), MgO.Al2O3.2SiO2.nH2O, aluminium hydroxide/sodium 
bicarbonate coprecipitate or similar compounds; or other pharmaceutically acceptable pH- 
buffering compounds such as, for instance the sodium, potassium, calcium, magnesium and 
aluminium salts of phosphoric, carbonic, citric or other suitable, weak, inorganic or organic 
acids; or suitable organic bases, including basic amino acids and salts thereof. Talc or other 
compounds may be added to increase the thickness of the layer(s) and thereby strenghten 
the diffusion barrier. The optionally applied separating layer(s) is not essential for the 
invention. However, the separating layer(s) may improve the chemical stability of the active 
substance and/or the physical properties of the novel multiple unit tableted dosage form. 

Alternatively, the separating layer may be formed in situ by a reaction between an enteric 
coating polymer layer applied on the core material an alkaline reacting compound in the 
core material. Thus, the separating layer formed comprises a salt formed between the 
enteric coating layer polymer(s) and an alkaline reacting compound which is in the position 
to form a salt. 
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The separating layer may also be used to separate two different layers of a tablet, as 
described in Fig. 2. 

One or more enteric coating layers are applied onto the core material or onto the core 
material covered with separating layer(s) by using a suitable coating technique. The enteric 
coating layer material may be dispersed or dissolved in either water or in suitable organic 
solvents. As enteric coating layer polymers one or more, separately or in combination, of the 
following can be used, e.g. solutions or dispersions of methacrylic acid copolymers, 
cellulose acetate phthalate, hydroxypropyl methylcellulose phthalate, hydroxypropyl 
methylcellulose acetate succinate, polyvinyl acetate phthalate, cellulose acetate trimellitate, 
carboxymethylethylcellulose, shellac or other suitable enteric coating polymer(s). 

The enteric coating layers may contain pharmaceutically acceptable plasticizers to obtain the 
desired mechanical properties, such as flexibility and hardness of the enteric coating layers. 
Such plasticizers are for instance, but not restricted to triacetin, citric acid esters, phthalic 
acid esters, dibutyl sebacate, cetyl alcohol, polyethylene glycols, polysorbates or other 
plasticizers. 

The amount of plasticizer is optimized for each enteric coating layer formula, in relation to 
selected enteric coating layer polymer(s), selected plasticizer(s) and the applied amount of 
said polymer(s), in such a way that the mechanical properties, i.e. flexibility and hardness of 
the enteric coating layer(s), for instance exemplified as Vickers hardness, are adjusted so 
that the acid resistance of the pellets covered with enteric coating layer(s) does not decrease 
significantly during compression of pellets into tablets. The amount of plasticizer is usually 
above 10 % by weight of the enteric coating layer polymer(s), preferably 15 - 50 % and 
more preferably 20 - 50 %. Additives such as dispersants, colorants, pigments polymers e.g. 
poly (ethylacrylat, methylmethacrylat), anti-tacking and anti-foaming agents may also be 
included into the enteric coating layer(s). Other compounds may be added to increase film 
thickness and to decrease diffusion of acidic gastric juices into the acid susceptible material. 



WO 97/25066 



PCT/SE96/01737 



18 

To protect the acid susceptible substance, the proton pump inhibitor, and to obtain an 
acceptable acid resistance of the dosage form according to the invention, the enteric coating 
layer(s) constitutes a thickness of approximately at least 10 Jim, preferably more than 20 
(Iitl The maximum thickness of the applied enteric coating is normally limited by processing 
conditions and the desired dissolution profile. 

Alternatively, the enteric coating layer described above may also be used for enteric coating 
of conventional tablets comprising an acid susceptible proton pump inhibitor. Said enteric 
coating layered tablet is thereafter presscoated with antacid granules and pharmaceutical 
excipients. 

Over-coating layer 

Pellets covered with enteric coating layer(s) may further be covered with one or more over- 
coating layer(s). The over-coating layer(s) should be water soluble or rapidly disintegrating 
in water. The over-coating layer(s) can be applied to the enteric coating layered pellets by 
coating or layering procedures in suitable equipments such as coating pan, coating 
granulator or in a fluidized bed apparatus using water and/or organic solvents for the 
coating or layering process. The materials for over-coating layers are chosen among 
pharmaceutically acceptable compounds such as, for instance sugar, polyethylene glycol, 
polyvinylpyrrolidone, polyvinyl alcohol, polyvinyl acetate, hydroxypropyl cellulose, 
methylcellulose, ethylcellulose, hydroxypropyl methyl cellulose, carboxymethylcellulose 
sodium and others, used alone or in mixtures. Additives such as plasticizers, colorants, 
pigments, fillers, anti-tacking and anti-static agents, such for instance magnesium stearate, 
titaniumdioxide, talc and other additives may also be included into the over-coating layer(s). 
Said over-coating layer may further prevent potential agglomeration of enteric coating 
layered pellets, further protect the enteric coating layer towards cracking during the 
compaction process and enhance the tableting process. The maximum thickness of the 
applied over-coating layer(s) is normally limited by processing conditions and the desired 
dissolution profile. 
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The above described over-coating layer may also be used as a tablet filmcoating layer to 
obtain tablets of good appearance. 

Antacid agent(s) or alginate preparation 

The active substance in form of one or more antacid agent(s) are dry mixed with inactive 
excipients such as fillers, binders, disintegrants, and other pharmaceutical^ acceptable 
additives.The mixture is wet massed with a granulation liquid. The wet mass is dried 
preferably to a loss on drying of less than 3% by weight. Thereafter the dry mass is milled to 
a suitable size for the granules, such as smaller than 4 mm, and preferably smaller than 1 
mm. Suitable inactive excipients are for instance mannitol, corn starch, potato starch, low 
substituted hydroxypropylcellulose, microcrystalline cellulose and crosslinked 
polyvinylpyrrolidone. The dry mixture comprising antacid agent(s) is mixed with a suitable 
granulation liquid comprising for instance hydroxypropylcellulose or polyvinylpyrrolidone 
dissolved in purified water or alcohol or a mixture thereof. 

Alternatively, the antacid agent(s) are dry mixed with pharmaceutically acceptable 
excipients according to the above. The alginate preparation should also be prepared by dry 
mixing with pharmaceutically acceptable excipients. 

Multiple unit tablets 

The enteric coating layered pellets comprising a proton pump inhibitor are mixed with the 
prepared antacid granules or with the prepared dry mixture comprising the antacid agent(s). 
The mixture is admixed with lubricant(s) and compressed into a multiple unit tableted 
dosage form. Suitable lubricants for the tableting process are for instance sodium stearyl 
fumarate, magnesium stearate and talc.The compressed tablet is optionally covered with a 
filmforming agent(s) to obtain a smooth surface of the tablet and further enhance the 
stability of the tablet during packaging and transport Such a coating layer may further 
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comprise additives such as anti-tacking agents, colorants and pigments or other additives to 
obtain a tablet of good appearance. 

Further, the different active substances may be formulated into different layers, wherein the 
layer comprising the proton pump inhibitor preferably is in the form of a multiple unit 
tableted dosage form layered with the prepared mixture of the antacid agent(s) or an 
alginate preparation. The two layers may be separated by a third layer comprising anti- 
tacking agents. 

The fraction of enteric coating layered pellets constitutes less than 75 % by weight of the 
total tablet weight and preferably less than 60 %. By increasing the amount of the granules 
comprising the antacid agent(s) and excipients, the fraction of enteric coating layered pellets 
of the proton pump inhibitor may be reduced in the multiple unit tableted dosage form. By 
choosing small enteric coating layered pellets in the formulation according to the present 
invention, the number of pellets in each tablet can be held high which in turn makes the 
tablet divisible with retained dosing accuracy. 

Thus, the preferred multiple unit tablet formulation consists of enteric coating layered 
pellets containing the acid susceptible proton pump inhibitor, optionally in admixture with 
alkaline reacting compound(s), compressed into tablets together with the prepared antacid 
mixture and optionally tablet excipients. The addition of an alkaline reacting material to the 
proton pump inhibitor is not necessary, in any sense, but such a substance may further 
enhance the stability of the proton pump inhibitor or some of the alkaline reacting 
compounds may react in situ with the enteric coating material to form a separating layer. 
The enteric coating layer(s) is making the pellets of the dosage form insoluble in acidic 
media, but disintegrating/dissolving in near neutral to alkaline media such as, for instance 
the liquids present in the proximal part of the small intestine, where dissolution of the 
proton pump inhibitor is desired. The enteric coating layered pellets may further be covered 
with an overcoating layer before being formulated into the tablet and they may also contain 
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one or more separating layer(s) in between the core material and the enteric coating 
layer(s). 

Process 

The process for the manufacture of the dosage form represents a further aspect of the 
invention. After formulation of the pellets by spray coating or layering of the proton pump 
inhibitor onto seeds, or by extrusion/spheronization or granulation, e.g. rotor granulation of 
homogeneous pellets, the pellets are first optionally covered with the separating layer(s) and 
then with the enteric coating layer(s) or a separating layer is spontaneously developed in situ 
between the core material and the enteric coating layer material. The coating is carried out 
as described above and in the accompanying examples. The preparation of the antacid 
mixture is also described above and in the examples. The pharmaceutical processes can 
preferably be completely water-based. 

The enteric coating layered pellets, with or without an over-coat, are mixed with the 
prepared antacid granules, tablet excipients and other pharmaceutical^ acceptable additives 
and compressed into tablets. Alternatively, the enteric coating layered pellets may be 
intimately mixed with tablet excipients and precompressed and further layered with the 
antacid or alginate preparation and finally compressed into a tablet As a further alternative 
the proton pump inhibitor in form of a powder may be mixed with tablet excipients and 
compressed into a tablet which is optionally layered with a separating layer and thereafter 
enteric coating layered. Said tablet core is then presscoated with the antacid preparation. 
Finally the tablet may be covered by a tablet coat 

As a further alternative, the proton pump inhibitor in the form of enteric coating layered 
pellets may be filled in a sachet together with an alginate optionally mixed with excipients. 
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Use of the preparation 

The dosage forms according to the invention are especially advantageous in the treatment of 
dyspepsia and other gastrointestinal disorder to provide an immidiate symtom relief and a 
long-lasting symtom resolution. The dosage forms are administered one to several times a 
day, preferably once or twice daily. The typical daily dose of the active substances varies 
and will depend on various factors such as the individual requirements of the patients, the 
mode of administration and disease. In general each dosage form will comprise 0.1-200 mg 
of the proton pump inhibitor and 0.1-1000 mg of the antacid agent(s)/alginate. Preferably, 
each dosage form will comprise 5-80 mg of the proton pump inhibitor and 100-900 mg of 
the antacid agent(s)/alginate, and more preferably 10-40 mg of proton pump inhibitor and 
250 - 650 mg of the antacid agent(s)/alginate, respectively. 

The multiple unit tablet preparation is also suitable for dispersion in an aqueous liquid with 
slightly acidic pH-value before being orally administered or fed through a naso-gastric tube. 

The invention is illustrated more in detail in the following examples. 

Examples 

Example 1: 

Multiple unit tableted dosage form comprising magnesium omeprazole and antacid agents 
(batch size 400 tablets). 

Core material 

Magnesium omeprazole 
Sugar sphere seeds 
Hydroxypropyl methylcellulose 
Water purified 



5.0 kg 

10.0 kg 

0.75 kg 

20.7 ke 
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Separating laver 

Core material (acc. to above) 10.2 kg 

Hydroxypropyl cellulose 1.02 kg 

Talc 1.75 kg 

Magnesium stearate 0.146 kg 

Water purified 21.4 kg 

Enteric goqting layer 

Pellets covered with separating layer (acc. to above) 1 1.9 kg 

Methacrylic acid copolymer (30 % suspension) 19.8 kg 

Triethyl citrate 1.79 kg 

Mono- and diglycerides (NF) 0.297 kg 

Polysorbate 80 0.03 kg 

Water purified 1 1 .64 kg 

Over-cpating la yer 

Enteric coating layered pellets (acc. to above) 20.0 kg 

Hydroxypropyl methylcellulose 0.238 kg 

Magnesium stearate 0.007 kg 

Water purified 6.56 kg 

Tablet? 

Prepared pellets comprising omeprazole Mg-salt (acc. to above) 31.3 g 

Microcrystalline cellulose 1 40.0 g 

Calcium carbonate 100.0 g 

Aluminium hydroxide/magnesium carbonate 100.0 g 

Potato starch 46.4 g 

Water purified 314 g 

Polyvidone crosslinked 38.0 g 

Sodium stearyl fumarate 4.6 g 
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Suspension layering was performed in a fluid bed apparatus. Magnesium omeprazole was 
sprayed onto sugar sphere seeds from a water suspension containing the dissolved binder. 
The size of sugar sphere seeds were in the range of 0.25 to 0.35 mm. 

The prepared core material was covered with a separating layer of a hydroxypropyl 
cellulose solution containing talc and magnesium stearate. The enteric coating layer 
consisting of methacrylic acid copolymer, mono- and diglycerides, triethyl citrate and 
polysorbate was sprayed onto the pellets covered with a separating layer in a fluid bed 
apparatus. In a fluid bed apparatus enteric coating layered pellets were coated with a 
hydroxypropyl methylcellulose containing magnesium stearate. The over-coating layered 
pellets were classified by sieving. 

A small amount of the potato starch was dissolved in purified hot water to form the 
granulation liquid. Calcium carbonate, aluminium hydroxide/magnesium carbonate, potato 
starch and microcrystalline cellulose are dry-mixed. The granulation liquid was added to the 
dry mixture and the mass was wet-mixed. The wet mass was dried in a steamoven at 50 °C. 
The prepared granulation was milled through sieve 1 mm in an oscillating mill equipment 

The enteric coating layered pellets with an over-coating layer, prepared granules, 
polyvidone crosslinked and sodium stearyl fumarate were mixed and compressed into 
tablets using a tableting machine equipped with 9x20 mm oval punches. The amount of 
omeprazole in each tablet was approx. 10 mg and the amount of antacid agents were 
approx. 500 mg in total. Tablet hardness was measured to 1 10N. 

Optionally the obtained tablets were covered with a tablet coating layer. 
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Results 



"Acid resistance" i.e. % 
left after exposure to 0.1 N 
HC1 for 2 hrs 5 




Tablets 


Ex 1 


93% 



Example 2: 

Multiple unit tableted dosage form comprising magnesium omeprazole and antacid agents 
(batch size 500 tablets). 



Core material 

Magnesium omeprazole 10-0 kg 

Sugar sphere seeds 10.0 kg 

Hydroxypropyl methylcellulose 1 .5 kg 

Water purified 29.9 kg 

Separating fryer 

Core material (acc. to above) 20.0 kg 

Hydroxypropyl cellulose 2.0 kg 

Talc 3.43 kg 

Magnesium stearate 0.287 kg 

Water purified 41.0 kg 

Enteric coating layer 

Pellets covered with separating layer (acc. to above) 24.5 kg 
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Methacrylic acid copolymer (30 % suspension) 32.7 kg 

Triethyl citrate 2.94 kg 

Mono- and diglycerides (NF) 0.49 kg 

Polysorbate 80 0.049 kg 

Water purified 1 9. 1 9 kg 



Orer-cpating layer 

Enteric coating layered pellets (acc. to above) 37.8 kg 

Hydroxypropyl methylcellulose 0.49 kg 

Magnesium stearate 0.0245 kg 

Water purified 11.6kg 



Tablets 



Prepared pellets comprising magnesium omeprazole (acc. to above) 


47.45 


g 


Calcium carbonate 


123.9 


g 


Magnesium hydroxide 


123.9 


g 


Potato starch 


52.2 


g 


Water purified 


435 


g 


Microcrystalline cellulose 


175 


g 


Polyvidone crosslinked 


50 


g 


Sodium stearyl fumarate 


6.0 


g 



Enteric coating layered pellets of magnesium omeprazole with an overcoating layer were 
prepared as in Example 1. 

A small amount of the potato starch was dissolved in hot purified water to form the 
granulation liquid. Calcium carbonate, magnesium hydroxide and potato starch were dry- 
mixed. The granulation liquid was added to the dry mixture and the mass was wet-mixed. 
Hie wet mass was dried in a steamoven at 40 °C. The prepared granulation was milled 
through sieve 1 mm in an oscillating mill equipment 
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The enteric coated layered pellets with an over-coating layer, prepared granules, 
microcrystalline cellulose, polyvidone crosslinked and sodium stearyl fumarate were mixed 
and compressed into tablets using a tableting machine equipped with 9x20 mm oval 
punches. The amount of omeprazole in each tablet was approx. 20 mg and the amount of 
antacid agents were approx. 500 mg in total. Tablet hardness was measured to 30-40N. 

Optionally the obtained tablets were covered with a tablet coating layer. 

Example 3: 

Multiple unit tableted dosage form comprising S-omeprazole magnesium salt and antacid 
agents (batch size 500 tablets). 

Core material 

S-omeprazole magnesium salt 
Sugar sphere seeds 
Hydroxypropyl methylcellulose 
Polysorbate 80 
Water purified 

Separating foyer 
Core material (acc. to above) 
Hydroxypropyl cellulose 
Talc 

Magnesium stearate 
Water purified 



120 g 
150 g 
18 g 
2.4 g 
562 g 



200 g 
30 g 

51.4 g 
4.3 g 

600 g 



Enteric coating layer 

Pellets covered with separating layer (acc.to above) 250 g 
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Methacrylic acid copolymer (30% suspension) 333.7 g 

Triethyl citrate 30 g 

Mono- and diglycerides (NF) 5 g 

Polysorbate 80 0.5 g 

Water purified 1 96 g 

Tablets 

Prepared pellets comprising (s)-omeprazole Mg-salt 63.7 g 

Calcium carbonate 1 23.9 g 

Magnesium hydroxide 123.9 g 

Potato starch 52.2 g 

Water purified 435 g 

Microcrystalline cellulose 1 75 g 

Polyvidone crosslinked 50.0 g 

Sodium stearyl fumarate 6.0 g 



Suspension layering was performed in a fluid bed apparatus. S -omeprazole magnesium salt 
was sprayed onto sugar sphere seeds from a water suspension containing the dissolved 
binder and polysorbate 80. The size of sugar sphere seeds were in the range of 0.25 to 0.35 
mm. 

The prepared core material was covered with a separating layer in a fluid bed apparatus 
with hydroxypropyl cellulose solution containing talc and magnesium stearate. The enteric 
coating layer consisting of methacrylic acid copolymer, mono-and diglycerides, triethyl 
citrate and polysorbate was sprayed onto the pellets covered with a separating layer in a 
fluid bed apparatus. The enteric coating layered pellets were classified by sieving. 

A small amount of the potato starch was dissolved in hot purified water to form the 
granulation liquid. Calcium carbonate, magnesium hydroxide and potato starch were dry- 
mixed. The granulation liquid was added to the dry mixture and the mass was wet-mixed. 
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The wet mass was dried in a steamoven at 40 °C The prepared granulation was milled 
through sieve 1 mm in an oscillating mill equipment 

The enteric coating layered pellets, prepared granules, polyvidone crosslinked, 
microcrystalline cellulose and sodium stearyl fumarate were mixed and compressed into 
tablets using a tableting machine equipped with 9x20 mm oval punches. The amount of S- 
omeprazole in each tablet was approx. 20 mg and the amount of antacid agents were 
approx. 500 mg in total. Tablet hardness was measured to 30N. 

Optionally the obtained tablets were covered with a tablet coating layer. 



Three-layered tableted dosage form with a fast disintegrating layer comprising omeprazole, 
a separating layer and a layer comprising alginic acid, (batch size 1 000 tablets) 

Tablets 

First ftiblgt foyer 



Exampgl 4: 



Alginic acid 

Sodium hydrogencarbonate 
Microcrystalline cellulose 
Polyvinyl pyrrolidone crosslinked 
Sodium stearyl fumarate 



500 g 
150 g 
87 g 



13 g 



3.8 g 



Separating foyer 
Microcrystalline cellulose 



80 g 



Second tablet layer 

Enteric coating layered pellets comprising omeprazole Mg-salt 



78.3 g 
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(manufacturing and composition as in example 1) 
Microcrystalline cellulose 
Polyvinyl pyrrolidone crosslinked 
Sodium stearyl fumarate 



174 g 
26 g 
1.4 g 



Alginic acid, sodium hydrogencarbonate, microcrystalline cellulose, polyvinyl pyrrolidone 
and sodium stearyl fumarate were dry-mixed and precompressed as a first layer in a 
tableting machine equipped with 10x21 mm oval punches. Microcrystalline cellulose was 
filled on top of the first layer to form a separating layer to the next layer. 

The enteric coating layered pellets, microcrystalline cellulose, polyvinyl pyrrolidone and 
sodium stearyl fumarate were dry-mixed and filled on top of the separating layer. The three 
layers were compressed into a three layers tablet 

Optionally the tablet was covered by a tablet coating layer. 

The amount of omeprazole in each tablet is approx. 10 mg and the amount of alginic acid 
was approx 500 mg. 

The best mode to practise the invention is described in Examples 1 and 4. 

The enteric coating layered pellets comprising a proton pump inhibitor may also be prepared 
as described in the following examples. 

Example 5 

Preparation of enteric coating layered pellets by extrusion/spheronization. 
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Cpre material 

Magnesium omeprazole 600 g 

Mannitol 1000 g 

Microcrystalline cellulose 300 g 

Hydroxypropyl cellulose 100 g 

Sodium lauryl sulphate 6 g 

Water purified 802 g 

Se parating la yer 

Core material 400 g 

Hydroxypropyl methylcellulose 48 g 

Water purified 960 g 

Enteric coating teyer 

Pellets covered with separating layer 200 g 

Methacrylic acid copolymer 100 g 

Triethyl citrate 30 g 

Mono- and diglycerides (NF) 5 g 

Polysorbate 80 0.5 g 

Water purified 309 g 



Sodium lauryl sulphate is dissolved in purified water to form the granulation liquid. 
Magnesium omeprazole, mannitol, microcrystalline cellulose and hydroxypropyl cellulose 
are dry-mixed. The granulation liquid is added to the powder mixture and the mass is wet- 
mixed. The wet mass is forced through an extruder equipped with screens of size 0.5 mm. 
The extrudate is spheronized on a friction plate in a spheronizing apparatus. The core 
material is dried in a fluid bed dryer and classified. The prepared core material is covered by 
a separating layer in a fluid bed apparatus with a hydroxypropyl methylcellulose/water 
solution. 
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The enteric coating layer is applied to the pellets covered with separating layer from an 
aqueous dispersion of methacrylic acid copolymer plasticized with triethyl citrate to which a 
mono- and diglycerides/polysorbate dispersion has been added. The pellets are dried in a 
fluid bed apparatus. 

Example 

Preparation of enteric coating layered pellets by powder layering of sugar sphere seeds. 



Core material 

Magnesium omeprazole 1 500 g 

Sugar sphere seeds 1 500 g 

Hydroxypropyl methylcellulose 420 g 

Aerosil® 8 g 

Water purified 4 230 g 

Separating fryer 

Core material 500 g 

Hydroxypropyl cellulose 40 g 
Talc 67 g 

Magnesium stearate 6 g 

Water purified 800 g 

Epteric coating fryer 

Pellets covered with separating layer 500 g 

Methacrylic acid copolymer 200 g 

Triethyl citrate 60 g 

Water purified 392 g 
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Magnesium omeprazole, part of the hydroxypropyl methylcellulose and Aerosil® are dry- 
mixed forming a powder. Sugar sphere seeds (0.25-0.40 mm) are layered with the powder 
in a centrifugal fluidized coating granulator while spraying a hydroxypropyl methylcellulose 
solution (6 %, w/w). 

The prepared core material is dried and covered by a separating layer in a centrifugal 
fluidized coating-granulator. A fluid bed apparatus is used for enteric coating layereing. 

Example 7 

Preparation of enteric coating layered pellets with cores of silicon dioxide seeds. 



Core material 

Magnesium omeprazole 8.00 kg 

Silicon dioxide 8.00 kg 

Hydroxypropyl methylcellulose 1 .41 kg 

Sodium lauryl sulphate 0.08 kg 

Water purified 28.00 kg 



Separating faysr 
Core material (acc. to above) 
Hydroxypropyl methylcellulose 
Water purified 



Enteric cpating layer 

Pellets covered with separating layer (acc. to above) 300 g 

Methacrylic acid copolymer 1 24 g 

Polyethylene glycol 400 25 g 

Mono- and diglycerides (NF) 3 g 

Polysorbate 80 1 g 



10.00 kg 
0.80 kg 
10.00 kg 
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Water purified 463 g 

Suspension layering is performed in a fluid bed apparatus. Magnesium omeprazole is 
sprayed onto the silicon dioxide seeds from a water suspension containing the dissolved 
binder and a surface active ingredient 

The prepared core material is covered with a separating layer in a fluid bed apparatus with a 
hydroxypropyl methylcellulose solution. The enteric coating layer consisting of methacrylic 
acid copolymer, mono- and diglycerides, polyethylene glycol 400 and polysorbate is sprayed 
onto the pellets covered with separating layer in a fluid bed apparatus. 

Example 8 

Preparation of enteric coating layered pellets. 

Entsrip cQating layer 

Pellets covered with separating layer 

(manufacturing and composition 



as in example 10) 500 g 

Methacrylic acid copolymer 250 g 

Polyethylene glycol 6000 75 g 

Mono- and diglycerides (NF) 12.5 g 

Polysorbate 80 1.2 g 

Water purified 490 g 



Example 9 



Preparation of enteric coating layered pellets. 
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Enteric coating 

Pellets covered with separating layer 500 g 
(manufacturing and composition as in example 1) 

Hydroxypropyl methylcellulose phthalate 250 g 

Cetanol 50 g 

Ethanol (95%) 1000 g 

Acetone 2500 g 



Example 10 

Preparation of enteric coating layered pellets. 



Core material 

Omeprazole 225 g 

Mannitol 1425 g 

Hydroxypropyl cellulose 60 g 

Microcrystalline cellulose 40 g 

Lactose anhydrous 80 g 

Sodium lauryl sulphate 5 g 

Disodium hydrogen phosphate dihydrate 8 g 

Water purified 350 g 

Separating layer 

Core material 300 g 

Hydroxypropyl cellulose 30 g 

Talc 51 g 

Magnesium stearate 4 g 



Enteric coating layer 

Pellets covered with separating layer 



300 g 
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Methacrylic acid copolymer 
Triethyl citrate 
Mono- and diglycerides (NF) 
Polysorbate 80 



140 



42 



0.7 



7 



g 



g 



g 



g 



The dry ingredients for producing the core material are well mixed in a mixer. Addition of 
granulation liquid is made and the mixture is kneeded and granulated to a proper 
consistency. The wet mass is pressed through an extruder screen and the granules are 
converted into a spherical form in a spheronizer. The core material is dried in a fluid bed 
apparatus and classified into a suitable particle size range, e.g. 0.5 - 1.0 mm.The prepared 
core material is covered with a separating layer and enteric coating layered as described in 
previous examples. 

Preparation of active substance. 

Magnesium omeprazole used in some of the examples is produced according to the process 
described in WO95/01977, the single enantiomers of omeprazole salts are prepared as 
described in W094/27988 and omeprazole is produced according to the process disclosed 
in EP-A1 0005129. These documents are hereby incorporated in a whole by reference. 
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CLAIMS 

1. An oral pharmaceutical dosage form comprising an acid susceptible proton pump 
inhibitor together with one or more antacid agents or alginates and optionally 
pharmaceutically acceptable excipients, characterized in that the dosage form is in the form 
of a fixed unit dosage form comprising at least two pharmaceutically active components and 
wherein the proton pump inhibitor is protected by an enteric coating layer. 

2. A dosage form according to claim 1, wherein the dosage form is a tablet 
formulation. 

3. A dosage form according to claim 1, wherein the dosage form is a sachet 
formulation. 

4. A dosage form according to claim 1, wherein the proton pump inhibitor is protected 
by two layers, an enteric coating layer and a layer separating the enteric coating from the 
proton pump inhibitor. 

5. A dosage form according to claim 1, wherein the dosage form comprises an acid 
susceptible proton pump inhibitor and two antacid agents. 

6. A dosage form according to claim 1, wherein the proton pump inhibitor is 
omeprazole, one of its single enantiomers or an alkaline salt thereof. 

7. A dosage form according to claim 6, wherein the proton pump inhibitor is (s)- 
omeprazole magnesium salt 

8. A dosage form according to claim 1, wherein the proton pump inhibitor is 
lansoprazole, one of its single enantiomers or an alkaline salt thereof. 
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9. A dosage form according to one of claims 6 - 8, wherein the antacid agents are 
aluminium hydroxide in combination with magnesium carbonate. 

10. A dosage form according to any of claims 6-8, wherein the antacid agents are 
magnesium hydroxide in combination with calcium carbonate. 

11. A dosage form according to claim 1, wherein the amount of proton pump inhibitor is 
in the range of 5-80 mg and the amount of antacid/alginate is in the range of 100-900 mg. 

12. A dosage form according to claim 1, wherein the amount of proton pump inhibitor is 
in the range of 10-40 mg and the amount of antacid/alginate is in the range of 250-650 mg. 

13. A tableted dosage form according to claim 2, wherein the dosage form consists of 
two separate layers optionally separated by a separating layer, and one layer comprising a 
proton pump inhibitor and the other layer comprising one or more antacid agents or 
alginates. 

14. A tableted dosage form according to claim 2, wherein the tablet formulation is a 
multiple unit tableted dosage form comprising the acid susceptible proton pump inhibitor in 
the form of enteric coating layered pellets compressed together with a antacid preparation 
into a tablet, whereby the enteric coating layer covering the individual pellets has 
mechanical properties such that the tableting of the pellets together with the antacid 
preparation and optionally pharmaceutically acceptable excipients does not significantly 
affect the acid resistance of the enteric coating layered pellets. 

15. A tableted dosage form according to claim 14, wherein the acid resistance of the 
enteric coating layered pellets is in coherence with the requirements on enteric coating 
layered articles defined in the United States Pharmacopeia. 
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16. A tableted dosage form according to claim 14, wherein the acid resistance of the 
enteric coating layered pellets does not decrease more than 10 % during the compression of 
the pellets into the multiple unit tableted dosage form. 

17. A tableted dosage form according to claim 14, wherein the enteric coating of the 
pellets comprises a plasticized enteric coating layer material. 

18. A tableted dosage form according to claim 14, wherein the enteric coating layered 
pellets are further covered with an over-coating layer comprising pharmaceutically 
acceptable excipients. 

19. A tableted dosage form according to claim 14, wherein the tablet is divisible. 

20. A tableted dosage form according to claim 19, wherein the tablet is dispersible to an 
aqueous suspension comprising antacid agent(s) and enteric coating layered pellets of a 
proton pump inhibitor. 

21 . A tableted dosage form according to claim 2, wherein the tablet is an enteric coating 
layered tablet comprising the proton pump inhibitor surrounded by a layer comprising the 
antacid preparation. 

22. A tableted dosage form according to claim 14, wherein the proton pump inhibitor is 
in the form of a multiple unit tableted dosage form surrounded with a separate layer 
comprising the antacid agent(s) or an alginate preparation. 

23. A process for the manufacture of a fixed dosage form comprising an acid susceptible 
proton pump inhibitor in one layer and one or more antacid agents or an alginate in another 
layer, characterized in that the proton pump inhibitor is prepared in the form of enteric 
coating layered pellets, the pellets are mixed with pharmaceutically acceptable excipients 
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and precompressed and further layered with a surrounding layer of an antacid or an alginate 
preparation and finally compressed into a tablet 

24. A process for the manufacture of a fixed dosage form comprising an acid susceptible 
proton pump inhibitor and one or more antacid agents in a multiple unit tableted dosage 
form, characterized in that the proton pump inhibitor is prepared in the form of enteric 
coating layered pellets and these pellets are mixed with an antacid preparation and 
optionally pharmaceutically acceptable tablets excipients whereafter the dry mixture is 
compressed into a multiple unit tablet without giving any significant change of the acid 
resistance of the enteric coating layer. 

25. A process for the manufacture of a fixed dosage form comprising an acid susceptible 
proton pump inhibitor and one or more antacid agent(s) in an enteric coating layered tablet 
characterized in that the proton pump inhibitor is admixed with tablet excipients and 
compressed into a tablet, which tablet is covered with an enteric coating layer and 
optionally a separating layer has applied onto the tablet before the enteric coating layer, the 
antacid agent(s) mixed with pharmaceutically acceptable excipients are thereafter 
compressed onto the enteric coating layered tablet. 

26. A method for the treatment of disorders associated with dyspepsia in mammals and 
man by administering to a host in need thereof a therapeutically effective dose of a multiple 
unit tableted dosage form according to any of claims 1 to 22. 

27. A method according to claim 26, wherein the disorder is a gastric disorder 
associated with heartburn. 

28. Use of a dosage form according to any of claims 1 to 22 for the manufacture of a 
medicament for the treatment of disorders associated with dyspepsia. 
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29. Use according to claim 28, wherein the disorder is a gastric disorder associated with 
heartburn. 
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VERWENDUNG VON PYRIDYLMETHYLSULFINYL-1H-BENZIMIDAZ0L DERIVATEN 
ZUR BEHANDLUNG DURCH HELICOBACTER VERURSACHTEN ERKRANKUNGEN 

Anwendungsgebiet der Erfindung 

Die Erfindung betrifft neue orale Arzneiformen. Die neuen Arzneiformen werden 
zur Behandlung von Erkrankungen des Magens und/oder Darms eingesetzt, die durch 
He! icobacter-Bakterien hervorgerufen werden. 

Stand der Technik * 

In einer Vielzahl von Patentanmeldungen und Patenten werden Pyri dyl methyl sulfi- 
nyl-lH-benzimidazole beschrieben, die magensauresekretionshemmende Eigenschaf- 
ten besitzen. Im Zusammenhang mit der vorliegenden Erfindung seien hier insbe- 
sondere die folgenden Patentanmeldungen und Patente erwahnt: EP-A-134 400 
(= USP 4,555,518), EP-A-127 753 (= USP 4,560,693), EP-B-166 287 (= USP 
4,758,579), EP-A-201 575 (= USP 4,686,230), W089/05299 und W089/11479- - In der 
europaischen Patentanmeldung EP-A-382 489 wird die Eignung bestimmter Pyridyl- 
methylsulfinyl-lH-benzimidazole, die im Benzimidazolteil gewunschtenfalls durch 
Methoxy oder Trifluormethyl substituiert sind, zur Behandlung infektioser Er- 
krankungen, die durch Bakterien vom Stamme Campylobacter (= Helicobacter) her- 
vorgerufen werden, beschrieben und beansprucht. In der international en Patent- 
anmeldung W090/09175 wird die Verwendung von Omeprazol bei der Behandlung von 
infektiosen, insbesondere durch Campylobacter pylori hervorgerufenen Erkrankun- 
gen offenbart. - Aufgrund der geringen Stabilitat und leichten Saurezersetz- 
lichkeit der Pyridylmethylsulfinyl-lH-benzimidazole wird in verschiedenen Pa- 
tentanmeldungen (z.B. EP-A-244 380 oder EP-A-247 983) auf die Notwendigkei t 
verwiesen, bei oraler Applikation diese Wirkstoffe in einer magensaftresisten- 
ten Form zu verabreichen. Auch in der obengenannten EP-A-382 489 wird als orale 
Darreichungsform fur die Campy lobacter-Bekampfung bei spiel haft eine "enteric 
coated" Formulierung verwendet. 

Beschreibung der Erfindung 



Gegenstand der Erfindung ist die Verwendung von Verbindungen der Formel I 
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worin 

Rl Wasserstoff, 1-4C-Alkyl oder l-4C-Alkoxy bedeutet, 

R2 Wasserstoff, 1-4C-Alkyl, l-4C-Alkoxy, ganz oder uberwiegend durch Fluor 
substituiertes l-4C-Alkoxy, Chlordifluormethoxy, 2-Chlor-l,l,2-trifluor- 
ethoxy oder gemeinsam mit R3 ganz oder teilweise durch Fluor substituier- 
tes l-2C-Alkylendioxy oder Chlortrifluorethylendioxy bedeutet, 

R3 ganz oder uberwiegend durch Fluor substituiertes l-4C-Alkoxy, Chlordi- 
fluormethoxy, 2-Chlor-l,l,2-trifluorethoxy oder gemeinsam mit R2 ganz oder 
teilweise durch Fluor substituiertes l-2C-Alkylendioxy oder Chlortrifluor- 
ethylendioxy bedeutet, 

R4 Wasserstoff oder eine unter physio! ogischen Bedingungen leicht abspaltbare 
Gruppe bedeutet, 

R5 Wasserstoff oder 1-4C-Alkyl bedeutet, 

R6 Wasserstoff oder 1-4C-Alkyl bedeutet, 

R7 Wasserstoff, 1-4C-Alkyl oder l-4C-Alkoxy bedeutet, 

R8 l-4C-Alkoxy, ganz oder uberwiegend durch Fluor substituiertes l-4C-Alkoxy 

oder Benzyl oxy bedeutet und 
n die Zahl 0 oder 1 darstellt, 

und ihren pharmakologisch vertraglichen Salzen zur Herstellung von oral zu ver- 
abreichenden Arzneimitteln fur die Bekampfung von Helicobacter-Bakterien. 

l-4C~Alkyl steht fiir geradkettige oder verzweigte Alkylreste; bei spiel sweise 
seien der Butyl-, i-Butyl-, sec. -Butyl-, t-Butyl-, Propyl-, Isopropyl-, Ethyl- 
und insbesondere der Methyl rest genannt. 

l-4C-Alkoxy steht fur geradkettige oder verzweigte Alkoxyreste; bei spiel sweise 
seien genannt der Butoxy-, i-Butoxy-, sec.-Butoxy-, t-Butoxy-, Propoxy-, Iso- 
propoxy-, Ethoxy- und insbesondere der Methoxyrest. 
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Als ganz oder iiberwi egend durch Fluor substi tui ertes l-4C-Alkoxy seien bei- 
spielsweise der 1,2,2-Trifluorethoxy-, der 2,2,3,3,3-Pentafluorpropoxy-, der 
Perfluorethoxy- und insbesondere der 1,1,2,2-Tetrafluorethoxy-, der Trifluor- 
methoxy-, der 2,2,2-Trifluorethoxy- und der Difluormethoxyrest genannt. 

Als ganz oder teilweise durch Fluor substi tui ertes l-2C-Alkylendioxy seien bei- 
spielsweise der 1,1-Difluorethylendioxy- (-0-CF 2 -CH 2 -0-) , der 1,1,2,2-Tetra- 
fluorethylendioxy- (-0-CF 2 -CF 2 -0-) und insbesondere der Difluormethylendi- 
oxy .(_0-CF 2 -0-) und der 1,1,2-Trifluorethylendioxyrest (-0-CF 2 -CHF-0-) genannt. 

Wenn R2 und R3 gemeinsam ganz oder teilweise durch Fluor substi tui ertes 1-2C- 
Alkylendioxy oder Chlortrifluorethylendioxy bedeuten, so sind die Substi tuenten 
R2 und R3 in Nachbarpositionen am Benzoteil des Benzimidazolringes gebunden. 

Eine unter physiologischen Bedingungen leicht abspaltbare Gruppe R4 ist ein 
Substi tuent, der durch - gegebenenfalls enzymatisch katalysierte - Hydrolyse 
vom Stickstoffatom unter Ausbildung einer N-H-Bindung abgetrennt wird, wobei er 
selbst - unter Anbindung einer Hydroxyl gruppe - in eine physiologisch unbedenk- 
liche und insbesondere pharmakologisch vertragliche Verbindung umgewandelt 
wird. Als abspaltbare Gruppen R4 seien insbesondere alle Arten von substi tu- 
ierten Carbonyl gruppen genannt, wie die Alkylcarbonyl-, Arylcarbonyl-, Aralkyl- 
carbonyl-, Al koxycarbonyl - , Aryloxycarbonyl-, Aral koxycarbonyl - oder die gege- 
benenfalls substi tui erte Carbamoyl gruppe . Beispielsweise seien die Methoxycar- 
bonyl-, t-Butoxycarbonyl-, Benzoyl-, Phenyl carbamoyl - und die Dimethylcar- 
bamoyl gruppe genannt. 

Als Salze kommen fur Verbindungen der Forme! I, in denen n die Zahl 0 bedeutet 
(Sulfide), bevorzugt alle pharmakologisch vertraglichen Saureadditionssalze in 
Betracht. Besonders erwahnt seien die pharmakologisch vertraglichen Salze der 
in der Galenik iibl i cherwei se verwendeten anorganischen und organischen Sauren. 
Als solche eignen sich beispielsweise wasserlosliche und wasserunlosliche Sau- 
readditionssalze, wie das Hydrochlorid, Hydrobromid, Hydroiodid, Phosphat, Ni- 
trat, Sulfat, Acetat, Citrat, Gluconat, Benzoat, Hibenzat, Fendizoat, Butyrat, 
Sulfosalicylat, Mai eat, Laurat, Mai at, Fumarat, Succinat, Oxalat, Tartrat, Am- 
sonat, Embonat, Metembonat, Stearat, Tosilat, 2-Hydroxy-3-naphthoat, 3-Hydroxy- 
2-naphthoat oder Mesilat. 
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Fur Verbindungen der Forme! I, in denen n die Zahl 1 bedeutet (Sulfoxide), kom- 
men als Salze bevorzugt pharmakologisch vertragliche basische Salze in Be- * 
tracht, insbesondere pharmakologisch vertragliche Salze mit in der Galenik lib- 
licherweise verwendeten anorganischen und organischen Basen. Als Beispiele fur f? 
basische Salze seien Lithium-, Natrium-, Kali urn-, Calcium-, Aluminium-, Magne- 
sium-, Titan-, Ammonium- oder Guanidiniumsalze erwahnt. 

Von den Helicobacter-Stammen, gegeniiber denen sich die Verbindungen der Forme! 
I als wirksam erweisen, sei insbesondere der Stamm Helicobacter pylori erwahnt. 

Als oral zu verabreichende Arzneimittel seien beispielsweise Tabletten, Dra- 
gees, harte und weiche Kapseln, z.B. aus Gelatine, dispergierbare Pulver, Gra- 
nulate, waBrige und olige Suspensionen, Emulsionen, Losungen oder Sirupe er- 
wahnt, wobei die Tabletten, Dragees, Kapseln oder Granulate vorteilhafterweise 
so beschaffen sind, daB sie sich im Magensaft leicht auflosen und den Wirkstoff 
im Magen freigeben. 

Zur kombinierten Behandlung von Magenerkrankungen, die sowohl auf einer erhoh- 
ten Magensauresekretion, als auch auf einer Schadigung des Magens durch Helico- 
bacter pylori beruhen, seien auch solche oral zu verabreichenden Arzneiformu- 
lierungen erwahnt, die in einer Einzeldosis Wirkstoffe der Formel I gleichzei- 
tig sowohl in magensaftresistenter, als auch in nicht magensaftresistenter Form 
enthalten. Beispielsweise seien genannt Tabletten, die den Wirkstoff sowohl in 
einem magensaftresistenten Kern, als auch in einer nicht magensaftresistenten 
Hulle enthalten, oder Kapseln, die mit magensaftresistenten und nicht magen- 
saftresistenten Pellets oder (Mini) tabletten gefullt sind. 

Im allgemeinen werden in der Humanmedizin die Wirkstoffe in einer Tagesdosis 
von etwa 0,05 bis etwa 5, vorzugsweise 0,1 bis 2,5 mg/kg Korpergewicht, gege- 
benenfalls in Form mehrerer, vorzugsweise 2 bis 6 Einzelgaben zur Erzielung des 
gewunschten Ergebnisses verabreicht. 

♦ 

Soil en die Verbindungen der Formel I und/oder ihr Salze zur Behandlung von Er- 
krankungen des Magens, die auf der Anwesenheit von Helicobacter pylori beruhen, 
eingesetzt werden, so konnen die zu verabreichenden Arzneimittel auch einen 
oder mehrere pharmakologisch aktive Bestandteile anderer Arzneimittelgruppen 
enthalten. Hervorzuheben ist in diesem Zusairanenhang insbesondere die Kombi na- 
tion von Verbindungen der Formel I und/oder ihren Salzen mit antimikrobiellen, 
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gegen Helicobacter pylori wirksame Substanzen, wie beispielsweise Penicillin G, 
Gentamycin, Erythromycin, Nitrofurazon, Nitrofurantoin, Furazolidon, Metronida- 
zol und insbesondere Amoxycillin, mit dem Ziel, die Hauptwi rkung in uberaddi- 
tivem Sinn zu verstarken. Besonders bevorzugt und daher weiterer Gegenstand der 
Erfindung ist in diesem Zusammenhang die Kombi nation des Wirkstoffes 5-Difluor- 
methoxy-2- [(3 ,4-dimethoxy-2-pyri dyl Jmethyl sul f i nyl ] -lH-benzimi dazol [= Panto- 
prazol (INN)] und seiner Salze rait antimikrobiell wirksamen Substanzen, insbe- 
sondere mit Amoxycillin. 

Uberraschenderweise wurde gefunden, daB die Verbindungen der Formel I in saurem 
Milieu gegen Helicobacter-Bakterien wesentlich wirksamer sind als in neutral em 
Milieu, und daB sie demzufolge - entgegen der aus dem Stand der Technik zu ent- 
nehmenden Lehre - sinnvollerweise nicht in einer magensaftresistenten Form ver- 
abreicht werden soil ten. 

Bevorzugter Gegenstand der Erfindung ist somit die Verwendung von Verbindungen 
der Formel I und ihren pharmakologisch vertraglichen Salzen zur Herstellung von 
oral zu verabreichenden, nicht magensaf t res i stent formulierten Arzneimitteln 
fur die Bekampfung von Helicobacter-Bakterien. 

Eine erwahnenswerte Ausgestaltung der Erfindung (Ausgestaltung a) ist die er- 
findungsgemaBe Verwendung von Verbindungen der Formel la, 



Rl wasserstoff oder Methyl bedeutet, 

R2 Wasserstoff, Methyl, Ethyl, Methoxy, Ethoxy, 1,1,2,2-Tetrafluorethoxy, 

Trifluonnethoxy, 2,2,2-Trifluorethoxy, Difluormethoxy, 2-Chlor-l,l,2-tri- 
fluorethoxy oder gemeinsam mit R3 Difluormethylendioxy, 1,1,2-Trifluor- 
ethylendioxy oder l-Chlor-l,2,2-trifluorethylendioxy bedeutet, 



R3. 



R2' 




(la) 



worin 
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R3 1, 1, 2, 2-Tetrafl uorethoxy, Trifl uormethoxy, 2, 2, 2-Trifl uorethoxy, Difl uor- 
methoxy, 2-Chlor-l,l,2-trifl uorethoxy oder gemeinsam mit R2 Difluormethy- 
lendioxy, 1,1,2-Trifluorethylendioxy oder l-Chlor-l,2,2-trifluorethylen- 
dioxy bedeutet, 

R4 Wasserstoff bedeutet, 

R5 Wasserstoff, Methyl oder Ethyl bedeutet, 

R6 Wasserstoff oder 1-4C-Alkyl bedeutet, 

R7 Wasserstoff oder 1-4C-Alkyl bedeutet, 

R8 l-4C-Alkoxy bedeutet und 

n die Zahl 0 oder 1 darstellt, 

und ihren pharmakologisch vertraglichen Salzen. 

Besonders erwahnenswert ist die erf i ndungsgemaBe Verwendung der folgenden Ver- 
bindungen der Ausgestaltung a und ihrer pharmakologisch vertraglichen Salze: 

2 [ (4-Methoxy-2-pyri dyl )methy 1 sul f i nyl ] -5-tri f 1 uormethoxy-lH-benzi mi dazol , 

2- [(4-Hethoxy-3-methyl -2-pyri dyl ) methyl sul f i nyl] -5-tri f 1 uormethoxy-lH-benzimi - 

dazol , 

2- [(4-Methoxy-5-methyl -2-pyri dyl )methyl sul f i nyl ] -5-tri f 1 uormethoxy-lH-benzimi - 
dazol , 

2- [ (4-Methoxy-2-pyri dyl ) methyl sul f i ny 1 ] -5- ( 1 , 1 , 2 , 2-tetraf 1 uorethoxy ) -IH-benz - 
imi dazol , 

2- [ (4-Methoxy-3-methy 1 -2-pyri dyl )methyl sul f i nyl ] -5- ( 1 , 1 , 2 , 2-tetraf 1 uorethoxy) - 
lH-benzi mi dazol , 

2- [ (4-Methoxy-3 ,5-dimethyl -2-pyri dyl )methyl sul f i nyl ] -5-tri f 1 uormethoxy-lH-benz- 
imi dazol , 

2-[(4-Methoxy-3-methyl -2-pyridyl)methylsulfinyl]-5-(2,2,2-trifluorethoxy)-lH- 
benz imi dazol , 

5-Di f 1 uormethoxy-2- [(4-methoxy-3-methyl -2-pyri dyl ) -methyl sul f i nyl] -lH-benzimi - 
dazol , 

5 , 6-Bi s (di f 1 uormethoxy ) -2- [ (4-methoxy-2-pyri dyl )methyl sul f i nyl ] - IH-benzimi da- 
zol , 

5, 6-Bi s (di f 1 uormethoxy) -2- [ (4-methoxy-3-methy 1 -2-pyri dyl ) methyl sul f i nyl ] -1H- 
benzi mi dazol , 

5-Di f 1 uormethoxy-6-methoxy-2- [(4-methoxy-3 -methyl -2-pyri dyl )methyl sul f i nyl -1H- 
benzimi dazol , 

5-Chl ordi f 1 uormethoxy-2- [(4-methoxy-2-pyridyl ) methyl sul f i nyl ] - lH-benzimi dazol , 
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2,2-Di f 1 uor-6- [(4-methoxy-2-pyridyl )methyl sul f i nyl] -5H- [1,3] -dioxol o [4,5-f] - 
benzinridazol , 

2 ,2-Di f 1 uor-6- [ (4-methoxy-3-methy 1 -2-pyri dy 1 )methyl sul f i ny 1 ] -5H- [1 , 3] -di oxol o- 
[4 , 5-f ] benzi mi dazol , 

6,6, 7-TH f 1 uor-6 , 7-di hydro-2- [ (4-methoxy-2-pyri dy 1 ) methyl sul f i ny 1 ] -1H- [1 , 4] - 
di oxi no [2 ,3-f ] benzi mi dazol , 

6,6, 7-Tri f 1 uor-6, 7-di hydro-2- [(4-methoxy-3-methyl -2-pyri dyl )methyl sul f inyl] -1H- 
[1,4] -dioxino[2,3-f]benzimi dazol , 

2,2-Di f 1 uor-6- [(4-methoxy-5-methyl -2-pyridyl )methyl sul f i nyl ] -5H- [1,3] -di oxol o- 
[4, 5-f] benzimi dazol , 

6, 6, 7-Tri fluor-6, 7-di hydro-2- [(4-methoxy-3,5-dimethyl -2-pyridyl )methyl sul f inyl - 
-1H- [1,4] -di oxi no [2,3-f] benzimi dazol , 

6-Chl or-6 , 7 , 7-tri f 1 uor-6 , 7-di hydro-2- [(4-methoxy-3 -methyl -2-pyri dyl ) -methyl sul - 
f i nyl] -1H-[1, 4] -di oxi no [2,3-f] benzimi dazol , 

5-Di f 1 uormethoxy-2- [(4-methoxy-3-methyl -2-pyri dyl Jmethyl sul f i nyl ] -4, 6-dimethyl - 
-lH-benzimi dazol , 

5-Di f 1 uormethoxy-6-methoxy-2- { [1- (4-methoxy-2-pyri dyl ) ethyl ] sul f i nyl } -lH-benz- 
imi dazol , 

5- ( 1 , 1 ,2, 2-Tetraf 1 uorethoxy ) -2- { [1- (4-methoxy-2-pyri dyl ) ethyl ] sul f i ny 1 } -1H- 
benzimi dazol , 

2,2-Di f 1 uor-6- { [1- (4-methoxy-2-pyri dyl ) ethyl] sul f i nyl } -5H- [1,3] -di oxol o [4,5-f] - 
benzi mi dazol , 

5- (2-Chlor-l , 1 ,2-tri f 1 uorethoxy) -2- [(4-methoxy-2-pyri dyl )methyl sul f i nyl] -1H- 
benzi mi dazol , 

5-(2-Chlor-l,l,2-trifluorethoxy)-2-{[l-(4-methoxy-2-pyridyl)ethyl]-sulfinyl}- 
lH-benzi mi dazol , 

5- (2-Chl or-1 , 1 ,2-tri f 1 uorethoxy) -2- [ (4-methoxy-3 -methyl -2-pyri dyl ) -methyl sul - 
f i nyl ]-lH-benzi mi dazol . 

2 [ (4-Methoxy-2-pyri dyl )methyl thi o] -5-tri f 1 uormethoxy-lH-benzi mi dazol , 
2- [(4-Methoxy-3-methyl -2-pyri dyl )methyl thi o] -5-tri f 1 uormethoxy-lH-benzimi dazol , 
2- [(4-Methoxy-5-methyl -2-pyri dyl) methyl thi o] -5-tri fl uormethoxy-lH-benzimi dazol , 
2- [(4-Methoxy-2-pyridyl )methyl thi o] -5- (1 , 1 ,2,2-tetraf 1 uorethoxy) -lH-benzimida- 
zol , 

2- [ (4-Methoxy-3-methy 1 -2-pyri dyl )methyl thi o] -5- ( 1 , 1 , 2 , 2-tetraf 1 uorethoxy) - 1H- 
benzimi dazol , 

2- [(4-Methoxy-3,5-di methyl -2-pyridyl )methylthio] -5-tri fl uormethoxy-lH-benzimi - 
dazol , 

2- [(4-Methoxy-3-methyl -2-pyri dyl) methyl thi o] -5-(2,2,2-trif 1 uorethoxy) -lH-benz- 
i mi dazol , 
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5-Di f 1 uormethoxy-2- [ (4-methoxy-3-methyl -2-pyri dyl ) -methyl thi o] -lH-benzimi dazol , 
5,6-Bi s (di f 1 uormethoxy) -2- [ (4-methoxy-2-pyridyl )methyl thi o] -lH-benzimi dazol , 
5, 6-Bi s (di f 1 uormethoxy) -2- [ (4-methoxy-3-methyl -2-pyri dyl )methyl thi o] -lH-benz- 
imi dazol, 

5-Difl uormethoxy-6-methoxy-2-[(4-methoxy-3-methyl -2-pyri dyl )methyl thi o-lH-benz- 
imi dazol , 

5- Chl ordi f 1 uormethoxy-2- [(4-methoxy-2-pyri dyl )methyl thi o] -lH-benzimi dazol , 

2, 2-Di f 1 uor-6- [ (4-methoxy-2-pyri dyl )methyl thi o] -5H- [1,3] -di oxol o [4, 5-f] benzimi - 
dazol , 

2, 2-Di fl uor-6- [(4-methoxy-3-methyl -2-pyri dyl ) methyl thio] -5H- [1,3] -di oxolo [4,5- 
f] benzimi dazol , 

6 , 6 , 7-Tri f 1 uor-6 , 7-di hydro-2- [ (4-methoxy-2-pyri dyl )methyl thi o] -1H- [1 , 4] -di oxi - 
no [2,3-f] benzimi dazol , 

6 , 6 , 7-Tri f 1 uor-6 , 7-di hydro-2- [ (4-methoxy-3-methy 1 -2-pyri dyl ) methyl thi o] -1H- 
[1 , 4] -di oxi no [2,3-f] benzimi dazol , 

2 , 2-Di f 1 uor-6- [ (4-methoxy-5-methy 1 -2-pyri dyl )methyl thi o] -5H- [1 , 3] -di oxol o [4 , 5- 
f] benzimi dazol , 

6, 6, 7-Tri fl uor-6, 7-di hydro-2- [(4-methoxy-3,5-dimethyl -2-pyri dyl )methyl thi o-lH- 
[1 , 4] -di oxi no [2,3-f] benzimi dazol , 

6- Chl or-6 , 7 , 7-tri f 1 uor-6 , 7-di hydro-2- [(4-methoxy-3-methy 1 -2-pyri dyl ) -methyl - 
thi o] -1H- [1 , 4] -di oxi no [2,3-f] benzi mi dazol , 

5-Difl uormethoxy-2- [(4-methoxy-3-methyl -2-pyri dyl)methyl thio] -4,6-dimethyl -1H- 
benzimi dazol , 

5-Di f 1 uormethoxy-6-methoxy-2- { [1- (4-methoxy-2-pyri dyl ) ethyl ] sul f i nyl } - lH-benz- 
imi dazol , 

5- ( 1 , 1 ,2 , 2-Tetraf 1 uorethoxy ) -2- { [1- (4-methoxy-2-pyri dyl ) ethyl ] sul f i nyl } -1H- 
benzi mi dazol , 

2 , 2-Di f 1 uor-6- { [1- (4-methoxy-2-pyri dyl ) ethyl] sul f i ny 1 } -5H- [1 ,3] -di oxol o [4, 5-f ] - 
benzi mi dazol , 

5- (2-Chl or-1 , 1 , 2-tri f 1 uorethoxy) -2- [ (4-methoxy-2-pyri dyl )methyl thi o] -IH-benz- 
imi dazol , 

5- (2-Chl or-1 , 1 , 1-tri f 1 uorethoxy) -2- { [1- (4-methoxy-2-pyri dyl ) ethyl ] -sul f i nyl } - 
lH-benzi mi dazol , 

5- (2-Chl or-1 , 1 , 2-tri f 1 uorethoxy) -2- [ (4-methoxy-3-methyl -2-pyri dyl ) -methyl thi o] - 
lH-benzi mi dazol . 
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Eine weitere erwHhnenswerte Ausgestaltung der Erfindung (Ausgestaltung b) ist 
die erf i ndungsgemaBe Verwendung von Verbindungen der Formel lb, 




worin 

Rl Wasserstoff Oder Methyl bedeutet, 

R2 Wasserstoff, Methyl, Ethyl, Methoxy, Ethoxy, 1,1,2,2-Tetrafluorethoxy, 
Trifluormethoxy, 2,2,2-Trifluorethoxy, Difluorroethoxy, 2-Chlor-l,l,2-tri- 
fluorethoxy Oder gemeinsam mit R3 Difluormethylendioxy, 1,1,2-Trifluor- 
ethylendioxy Oder l-Chlor-l,2,2-trifluorethylendioxy bedeutet, 

R3 1,1,2,2-Tetrafluorethoxy, Trifluormethoxy, 2,2,2-Trifluorethoxy, Difluor- 
methoxy, 2-Chlor-l,l,2-trifluorethoxy oder gemeinsam mit R2 Difluormethy- 
lendioxy, 1,1,2-Trifluorethylendioxy oder l-Chlor-l,2,2-trifluorethylen- 
dioxy bedeutet, 

R4 Wasserstoff bedeutet, 

R5 Wasserstoff, Methyl oder Ethyl bedeutet, 

R6 Wasserstoff oder l-4C-Alkyl bedeutet, 

R7 l-4C-Alkoxy bedeutet, 

R8 l-4C-Alkoxy bedeutet und 

n die Zahl 0 oder 1 darstellt, 

und ihren pharmakologisch vertraglichen Salzen. 

Besonders erwahnenswert ist die erf i ndungsgemaBe Verwendung der folgenden Ver- 
bindungen der Ausgestaltung b und ihrer pharmakologisch vertraglichen Salze: 

5-Di f 1 uormethoxy-2- [ (3 ,4-dimethoxy-2-pyri dyl )methyl sul f i nyl ] -4 , 6-dimethyl -1H- 
benzimi dazol , 

5-Di f 1 uormethoxy-2- [(3 ,4-dimethoxy-2-pyri dyl )methyl sul f i nyl ] -lH-benzi mi dazol , 
5-Di f 1 uormethoxy-2- [(4, 5-dimethoxy-3-methyl -2-pyri dyl )methyl sul f i nyl] -lH-benz- 
i mi dazol , 
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2- [ (4, 5-Di methoxy-3-methy 1 -2-py ri dyl ) methyl sul f i ny 1 ] -5-tri f 1 uormethoxy- lH-benz 
i mi dazol, 

2- [ (3 , 4-Di methoxy-2-py ri dy 1 ) met hy 1 sul f i ny 1 ] -5- ( 1 , 1 , 2 , 2- tetraf 1 uorethoxy ) -1H- 
benzi mi dazol , 

2- [ (3 , 4-Dimethoxy-2-pyri dyl ) methyl sul f i nyl] -5- (2,2,2-tri f 1 uorethoxy) -lH-benz- 
imi dazol , 

5-Difluormethoxy-6-methoxy-2-[(3,4-dimethoxy-2-pyridyl)methylsulfinyl]-lH-benz 
imidazol, 

2 , 2-Di f 1 uor-6- [ (3 , 4-di methoxy-2-pyri dyl ) methyl sul f i ny 1 ] -5H- [1 , 3] -di oxol o [4 , 5- 
f] benzimi dazol , 

6,6,7-Tri fluor-6,7-di hydro-2- [(3,4-dimethoxy-2-pyridyl )methyl sul f inyl] -1H- 
[1 , 4] -di oxi no [2 , 3-f ] benzimi dazol , 

2- [ (4, 5-Di methoxy-2-pyri dyl ) methyl sul f i nyl ] -5-tri f 1 uormethoxy-lH-benzimi dazol , 
2- [(4, 5-Dimethoxy-2-pyri dyl )methyl sul f i nyl] -5- (1 , 1 ,2, 2-tetraf 1 uorethoxy) -1H- 
benzimi dazol , 

2 , 2-Di f 1 uor-6- [ (4 , 5-di methoxy-2-pyri dyl ) methyl sul f i nyl ] -5H- [1 , 3] -di oxol o [4 , 5- 
f] benzimi dazol . 

5-Dif 1 uormethoxy-2- [(3 ,4-dimethoxy-2-pyri dyl )methyl thi o] -4 , 6-dimethy 1 -lH-benz- 
imi dazol , 

5-Dif 1 uromethoxy-2- [(3 ,4-dimethoxy-2-pyri dyl )methyl thi o] -lH-benzimi dazol , 
5-Difluromethoxy-2-[(4,5-dimethoxy-3-methyl-2-pyridyl)methylthio]-lH-benzimida 
zol , 

2- [ (4, 5-Dimethoxy-3-methyl -2-pyri dyl )methyl thi o] -5-tri f 1 uormethoxy-lH-benzimi - 
dazol , 

2- [(3 ,4-Dimethoxy-2-pyridyl )methyl thio] -5- (1 , 1,2, 2-tetraf 1 uorethoxy) -lH-benz- 
i mi dazol , 

2-[(3,4-Dimethoxy-2-pyridyl)methyl thio] -5-(l, 1,2, 2-tetraf 1 uorethoxy) -IH-benz- 
imi dazol , 

2- [ (3 , 4-Dimethoxy-2-pyri dyl ) methyl thi o] -5- (2 , 2 , 2-tri 1 f uorethoxy )- lH-benzi mi da- 
zol , 

5-Di f 1 uormethoxy-6-methoxy-2- [(3 , 4-dimethoxy-2-pyri dyl ) methyl thi o] - lH-benzimi - 
dazol , 

2 , 2-Di f 1 uor-6- [ (3 , 4-di methoxy-2-pyri dyl ) methyl thi o] -5H- [1 , 3] -di oxol o [4 , 5-f ] - 
benzimi dazol , 

6,6,7 -Tri f 1 uor-6 , 7-di hydro-2- [ (3 , 4-di methoxy-2-py ri dyl ) methyl thi o] - 1H- [1 , 4] - 
di oxi no [2, 3-f] benzimi dazol , 

2- [ (4 , 5-Dimethoxy-2-pyri dyl )methy 1 thi o] -5-tri f 1 uormethoxy- lH-benzi mi dazol , 
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2[(4,5-Dimethoxy-2-pyridyl)methylthio] -5-(l,l,2,2-tetrafluorethoxy)-lH-benzimi- 
dazol , 

2 ,2-Di f 1 uor-6- [(4 , 5-dimethoxy-2-pyri dyl )methy 1 thi o] -5H- [1 , 3] -di oxol o [4 , 5-f ] - 
benzimidazol . 

Eine weitere erwahnenswerte Ausgestaltung der Erfindung (Ausgestaltung c) ist 
die erfindungsgemaBe Verwendung von Verbindungen der Formel Ic, 




worin 

Rl Wasserstoff bedeutet, 

R2 Wasserstoff, Methyl, Ethyl, Methoxy, Ethoxy, 1,1,2,2-Tetrafluorethoxy, 
Trifluormethoxy, 2,2,2-Trifluorethoxy, Difluormethoxy, 2-Chlor-l,l,2-tri- 
fluorethoxy oder gemeinsam mit R3 Difluormethylendioxy, 1,1,2-Trifluor- 
ethylendioxy oder l-Chlor-l,2,2-trifluorethylendioxy bedeutet, 

R3 1,1,2,2-Tetrafluorethoxy, Trifluormethoxy, 2,2,2-Trifluorethoxy, Difluor- 
methoxy, 2-Chlor-l,l,2-trifluorethoxy oder gemeinsam mit R2 Difluormethy- 
lendioxy, 1,1,2-Trifluorethylendioxy oder l-Chlor-l,2,2-trifluorethylen- 
dioxy bedeutet, 

R4 Wasserstoff bedeutet, 

R5 Wasserstoff, Methyl oder Ethyl bedeutet, 

R6 Wasserstoff oder 1-4C-Alkyl bedeutet, 

R7 l-4C-Alkoxy bedeutet, 

R8 Benzyl oxy bedeutet und 

n die Zahl 0 oder 1 darstellt, 

und ihren pharmakologisch vertraglichen Salzen. 

Besonders erwahnenswert ist die erfindungsgemaBe Verwendung der folgenden Ver- 
bindungen der Ausgestaltung c und ihrer pharmakologisch vertraglichen Salze: 
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2 , 2-Di f 1 uor-6- [ (5-benzy 1 oxy-4-methoxy-2-pyri dyl ) methyl sul f i ny 1 ] -5H- [1 , 3] -di - 
oxol o [4,5-f] benzimi dazol , 

2- [ (4-Benzy 1 oxy-3-methoxy-2-pyri dyl ) methyl sul f i ny 1 ] -5-di f 1 uormethoxy- lH-benz 



2- [(3-Benzyloxy-4-methoxy-2-pyri dyl ) methyl sul fi nyl] -5-di f 1 uormethoxy-lH-benz- 
i mi dazol , 

2- [(5-Benzyloxy-4-methoxy-3-methyl -2-pyri dyl ) methyl sul fi nyl] -5-di f 1 uormethoxy- 
lH-benzimi dazol , 

2- [(5-Benzyloxy-4-methoxy-2-pyri dyl )methyl sul f i nyl ] -5-tri f 1 uormethoxy-lH-benz- 
i mi dazol , 

2, 2-Di f 1 uor-6- [ (5-benzy 1 oxy-4-methoxy-2-pyri dyl ) methyl thi o] -5H- [1 , 3] -di oxol o- 
[4,5-f] benzimi dazol , 

2-[(4-Benzyloxy-3-methoxy-2-pyridyl)methylthio]-5-difluormethoxy-lH-benzimida- 
zol , 

2- [(3-Benzyl oxy-4-methoxy-2-pyri dyl )methyl thi o] -5-di f 1 uormethoxy-lH-benzi mi da- 
zol , 

2- [(5-Benzyl oxy-4-methoxy-3-methyl -2-pyri dyl )methyl thi o] -5-di f 1 uormethoxy-lH- 
benzimi dazol , 

2- [ (5-Benzyl oxy-4-methoxy-2-pyri dyl )methyl thi o] -5-tri f 1 uormethoxy-lH-benzimi da- 
zol . 



Eine weitere erwahnenswerte Ausgestaltung der Erfindung (Ausgestal tung d) ist 
die erfindungsgemaBe Verwendung von Verbindungen der Formel Id, 



i mi dazol , 




worin 

Rl Wasserstoff bedeutet, 
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R2 asserstoff, Methyl, Ethyl, Methoxy, Ethoxy, 1,1,2,2-Tetrafluorethoxy, 

Trifluormethoxy, 2, 2, 2-Trifl uorethoxy, Difluormethoxy, 2-Chlor-l,l,2-tri- 
fluorethoxy oder gemeinsam mit R3 Difluormethylendioxy, 1, 1, 2-Trifl uor- 
ethylendioxy oder l-Chlor-l,2,2-trifluorethylendioxy bedeutet, 

R3 1,1,2,2-Tetrafluorethoxy, Trifluormethoxy, 2, 2, 2-Trifl uorethoxy, Difluor- 
methoxy, 2-Chlor-l,l,2-trifluorethoxy oder gemeinsam mit R2 Difluormethy- 
lendioxy, 1,1,2-Trifluorethylendioxy oder l-Chlor-l,2,2-trifluorethy1en- 
dioxy bedeutet, 

R4 Wasserstoff bedeutet, 

R5 Wasserstoff, Methyl oder Ethyl bedeutet, 

R6 Wasserstoff oder 1-4C-Alkyl bedeutet, 

R7 Wasserstoff, 1-4C-Alkyl oder l-4C-Alkoxy bedeutet, 

R8 1,1,2,2-Tetrafluorethoxy, Trifluormethoxy, 2,2,2-Trifl uorethoxy oder Di- 
fluormethoxy bedeutet und 
n die Zahl 0 oder 1 darstellt, 
und ihren pharmakologisch vertragl tchen Salzen. 

Besonders erwahnenswert ist die erfindungsgemaBe Verwendung der folgenden Ver- 
bindungen der Ausgestaltung d und ihrer pharmakologisch vertraglichen Salze: 

5-Di f 1 uormethoxy-2- { [3-methoxy-4- (2,2,2-tri f 1 uorethoxy) -2-pyri dyl ] methyl sul f i - 
nyl}-lH-benzimi dazol , 

5-Di f 1 uormethoxy-2- { [3-methy 1 -4- (2 ,2 , 2-t ri f 1 uorethoxy) -pyri dyl ] methyl sul f i ny 1 } 

-lH-benzimi dazol , 

2- { [3-Methy 1 -4- (2 , 2 , 2-tr^ ^ 

fl uorethoxy) -IH-benzimi dazol , 

2,2-Di fluor-6-{[3-methyl-4-(2,2,2-trifluorethoxy)-2-pyridyl]methylsulfinyl}- 
5H- [1,3] -di oxol o [4, 5-f ] benzi mi dazol . 

5-Di f 1 uormethoxy-2- { [3-methoxy-4- (2,2 , 2-tri f 1 uorethoxy) -2-pyri dyl ] methyl thi o} - 
IH-benzimi dazol , 

5-Di f 1 uormethoxy-2- { [3-methyl -4- (2 ,2 , 2-tri f 1 uorethoxy) -pyri dyl ] methyl thi o} -IH- 
benzimi dazol , 

2- {[3-Methyl -4- (2, 2, 2-tri fluorethoxy) -2-pyri dyl ] methyl thi o} -5- (2, 2, 2-tri fluor- 
ethoxy) -IH-benzimi dazol , 

2, 2-Difluor-6-{ [3-methyl -4- (2, 2, 2-tri fluorethoxy) -2-pyri dyl]methyl thi o} -5H- 
[l,3]-dioxolo[4,5-f] benzimi dazol . 
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Die Verbindungen der Forme! I und ihre pharmakologisch vertraglichen Salze sind 
aus den folgenden Patentanmeldungen und Patenten bekannt: EP-A-134 400 (= USP 
4,555,518), EP-A-127 763 (= USP 4,560,693), EP-B-166 287 (= USP 4,758,579), 
EP-A-201 575 (= USP 4,686,230), W089/05299 und W089/11479. 

Die Herstellung der oral zu verabreichenden Arzneimittel unter Verwendung der 
Wirkstoffe der Fonnel I erfolgt in einer dem Fachmann an sich bekannten Weise. 

Sollen die Verbindungen der Forme! I mit antimikrobiellen, gegen Helicobacter 
pylori wirksamen* Substanzen kombiniert werden, so werden die antimikrobiell 
wirksamen Substanzen in einer dem Fachmann bekannten Dosierung verabfolgt. Die 
Verbindungen der Forme! I werden vorteilhafterweise in einer hoheren Dosierung 
verabfolgt, als diese zur Erlangung einer therapeutisch erwunschten Hemmung der 
Sauresekretion erforderlich ist. Bei der Kombi nation von 5-Difluormethoxy-2- 
[- (3 , 4-di methoxy-2-pyri dyl )methy 1 sul f i nyl ] -IH-benzi mi dazol -Natri urn mi t Amoxy- 
cillin wird das Benzi mi dazol vorzugsweise (bezogen auf die frei Base) in einer 
Tagesdosis von 40 bis 120 mg pro Patient, insbesondere in einer Tagesdosis von 
80 mg pro Patient, vorteilhafterweise in zwei Einzeldosen zu 40 mg verabfolgt. 
Amoxycillin wird vorzugsweise in einer Tagesdosis von 1500 bis 3000 mg pro Pa- 
tient, vorteilhafterweise in zwei bis drei Einzeldosen zu 500 bis 1000 mg ver- 
abfolgt. 
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Patentanspruche 
1. Verwendung von Verbindungen der Formel I 




won n 

Rl Wasserstoff, 1-4C-Alkyl oder l-4C-Alkoxy bedeutet, 

R2 Wasserstoff, 1-4C-Alkyl, l-4C-Alkoxy, ganz oder uberwiegend durch Fluor 
substituiertes l-4C-Alkoxy, Chlordifluormethoxy, 2-Chlor-l,l,2-trifluor- 
ethoxy oder gemeinsam mit R3 ganz oder teilweise durch Fluor substituier- 
tes l-2C-Alkylendioxy oder Chlortrifiuorethylendioxy bedeutet, 

R3 ganz oder uberwiegend durch Fluor substituiertes 1-4C-A1 koxy, Chlordi- 
fluormethoxy, 2-Chlor-l,l,2-trifluorethoxy oder gemeinsam mit R2 ganz oder 
teilweise durch Fluor substituiertes l-2C-Alkylendioxy oder Chlortrifluor- 
ethylendioxy bedeutet, 

R4 Wasserstoff oder eine unter physiologischen Bedingungen leicht abspaltbare 

Gruppe bedeutet, 
R5 Wasserstoff oder 1-4C-Alkyl bedeutet, 
R6 Wasserstoff oder 1-4C-Alkyl bedeutet, 
R7 Wasserstoff, 1-4C-Alkyl oder l-4C-Alkoxy bedeutet, 

R8 l-4C-Alkoxy, ganz oder uberwiegend durch Fluor substituiertes l-4C-Alkoxy 

oder Benzyl oxy bedeutet und 
n die Zahl 0 oder 1 darstellt, 

und ihren pharmakologisch vertraglichen Salzen zur Herstellung von oral zu ver- 
abreichenden Arzneimitteln fur die Bekampfung von Helicobacter-Bakterien. 
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2. Verwendung gemaB Anspruch 1 von Verbindungen der Forme! Ib, 




worin 

Rl Wasserstoff oder Methyl bedeutet, 

R2 Wasserstoff, Methyl, Ethyl, Methoxy, Ethoxy, 1,1,2,2-Tetrafluorethoxy, 

Trifluormethoxy, 2,2,2-Trifluorethoxy, Difluormethoxy, 2-Chlor-l,l,2-tri- 
fluorethoxy oder gemeinsam mit R3 Difluormethylendioxy, 1,1,2-Trifluor- 
ethylendioxy oder l-Chlor-l,2,2-trifluorethylendioxy bedeutet, 

R3 1,1,2,2-Tetrafluorethoxy, Trifluormethoxy, 2,2,2-Trifluorethoxy, Difluor- 
methoxy, 2-Chlor-l,l,2-trifluorethoxy oder gemeinsam mit R2 Difluormethy- 
lendioxy, 1,1,2-Trifluorethylendioxy oder l-Chlor-l,2,2-trifluorethylen- 
dioxy bedeutet, 

R4 Wasserstoff bedeutet, 

R5 Wasserstoff, Methyl oder Ethyl bedeutet, 

R6 Wasserstoff oder 1-4C-Alkyl bedeutet, 

R7 l-4C-Alkoxy bedeutet, 

R8 l-4C-Alkoxy bedeutet und 

n die Zahl 0 oder 1 darstellt, 

und ihren pharmakologisch vertraglichen Salzen. 

3. Verwendung gemaB Anspruch 1 oder 2, dadurch gekennzeichnet, daB n die Zahl 

0 bedeutet. 

4. Verwendung gemaB Anspruch 1 oder 2, dadurch gekennzeichnet, daB n die Zahl 

1 bedeutet. 

5. Verwendung von 5-Difluormethoxy-2-[(3,4-dimethoxy-2-pyridyl)methy1sulfi- 
nyl]-lH-benzimidazol und seinen pharmakologisch vertraglichen Salzen zur Her- 
stellung von oral zu verabreichenden Arzneimitteln fiir die Bekampfung von Heli- 
cobacter-Bakteri en . 
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6. Verwendung gernMB Anspruch 1 oder 2 oder 5, dadurch gekennzeichnet, daB das 
oral zu verabreichende Arzneimittel in nicht magensaftresistenter Form vor- 
liegt. 

7. Oral zu verabreichendes Arzneimittel fur die Bekampfung von Helicobacter- 
Bakteri en enthal tend 5-Di f 1 uormethoxy-2- [ (3 , 4-di methoxy-2-pyri dy 1 ) methyl sul f i - 
nyl]-lH-benzimidazol und/oder sein pharmakologisch vertragl iches Salz in Kombi- 
nation mit einem antimikrobiellen Mittel ausgewahlt aus der Gruppe bestehend 
aus Penicillin 6, Gentamycin, Erythromycin, Nitrofurazon, Nitrofurantoin, Fura- 
zolidon, Metronidazol und Amoxycillin. 

8. Oral zu verabreichendes Arzneimittel fur die Bekampfung von Helicobacter 
py 1 ori enthal tend 5-Di f 1 uormethoxy-2- [ (3 , 4-di methoxy-2-pyri dy 1 ) methyl sul f i ny 1 ] - 
-lH-benzimidazol -Natrium in Kombi nation mit Amoxycillin. 

9. Verwendung von 5-Di fl uormethoxy-2- [(3, 4-di methoxy-2-pyridyl) methyl sul fi- 
nyl] -lH-benzimidazol-Natrium zur Herstellung von oral zu verabreichenden nicht 
magensaftresi stent formulierten Arzneimittel n fur die Bekampfung von Helicobac- 
ter-Bakterien der Spezies Helicobacter pylori. 

10. Verfahren zur Herstellung von pharmazeutischen Praparaten, welche als 
Wirkstoff eine oder mehrere Verbindungen nach Anspruch 1 oder 2 oder 5 und ub- 
liche Trager enthal ten, dadurch gekennzeichnet, daB man den auf bekannte Weise 
hergestellten Wirkstoff mit ublichen Tragern vermischt und in ein oral zu ver- 
abreichendes Arzneimittel fur die Bekampfung von Helicobacter-Bakterien iiber- 
fiihrt. 
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V. B BEMERKUNGEN ZU DEN ANSPRUCHEN, DIE SICH ALS NICHT RECHERCHjERBAR ERW1ESEN HABEN 1 
GemaB Artikal 17 Absatz 2 Buchstabea sind bestimmte Anspruche aus folgtnda Griinden nicht Gegenstand dar international™ Racharche gawasan: 

1 • EZI Anspruche Nr wail si a sich auf Gegenstand e beztehen, dia zu recherchiaran die Behorde nicht 

varpftichtet ist, namlich: 



fXl 1-10 ( un vol! standi g) 

2. I— I Anspruche Nr wail sia sich auf Taiia dar intemationalen Anmaldung beziehen, dia dan 

vorgeschriebenen Anforderungen so wanig entsprechen, daB aina stnnvolle international a Recherche nicht durchgefuhrt warden kann, namlich: 

Die Gegenstande von Anspruche 1-10 sind nicht durch pharmakologische Daten 
gestutzt. Durch die Abwesenheit pharmakologischer Daten wird die Beurteilung 
des technischen Gegenstandes der Anspruche und des Standes der Technik 
fragwiirdig und subjektiv. Es kann deshalb durchaus sein, dass der nachstliegende 
Stand der Technik nicht im Recherchenbericht zitiert wurde, 

Anspriiche Nr weil sie abhangige Anspruche und nicht entsprechind Satz 2 und 3 der 

Regel 6.4(a) PCT abgefaBt sind. 
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2. EH Da der Anmeider nur einige der erforderlichen zusatzJichen Recherchengebuhren rachtzaitig entrichtet hat t erstreckt sich dar Internationale 

Recherchenbericht nur auf die Anspriiche dar Intarnationelen Anmaldung. fur dia Gebuhren gezahlt worden sind. namlich 



3. I I Der Anmeider hat die erfordariichen zusatzJichan Recherchengebuhrennicht rachtzaitig entrichtet. Der Internationale Recherchenbericht 

beschrankt sich darter auf die in den Anspriichen zuerst erwahnte Erfindung; sie ist in folgenden Anspriichen erfaBt 
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Recharchengebuhr gerechtfertigt hatte, hat dia Internationale Racharchanbehdrde aina soicha Gabuhr nicht vartangt. 
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(57) Abstract 

The invention concerns configurationally homogeneous, enantiomerically pure pyridylmethylsulphinyl-lH-benzimida- 
zoles, a method of preparing them, and new intermediates necessary for the preparation. 

(57) Zusammenfassung 
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zu ihrer Herstellung und neue Zwischenprodukte, die in dem Verfahren benotigt werden. 
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Enanti omerentrennung 



Anwendungsgebiet der Erfindung 

Die Erfindung betrifft ein Verfahren zur Auftrennung von chiralen Pyridylme- 
thylsulfinyl-lH-benzimidazolen in ihre Enantiomeren. Die Enantiomeren werden in 
der pharmazeutischen Industrie zur Herstellung von Medi kamenten verwendet. 

Stand der Technik 

In einer Vielzahl von Patentanmel dungen und Patenten werden Pyri dylmethyl sulfi- 
nyl-lH-benzimidazole beschrieben, die magensauresekretionshemmende Eigenschaf- 
ten besitzen. Im Zusaramenhang mit der vorliegenden Erfindung seien hier bei- 
spielsweise die folgenden Patentanmel dungen und Patente erwahnt: EP-B-5 129, 
EP-A-134 400 (= USP 4,555,518), EP-A-127 753 (= USP 4,560,693), EP-B-166 287 
(= USP 4,758,579), EP-A-174 726, EP-A-201 575 (= USP 4,686,230), W089/05299 und 
W089/11479. - Es ist weiterhin bekannt, daB diese Pyri dyl methyl sulfinyl -1H- 
benzimidazole ein Chiralitatszentrum besitzen und daB sie daher in ihre Enan- 
tiomeren trennbar sein soil ten. Trotz der Vielzahl von Patentanmel dungen auf 
dem Gebiet der Pyri dylmethyl sulfinyl -lH-benzimidazole ist bisher jedoch noch 
kein Verfahren beschrieben worden, mit dessen Hilfe die Pyridylmethylsulfinyl- 
lH-benzimidazole in die optischen Antipoden getrennt werden konnten. Auch die 
Enantiomeren der Pyri dylmethyl sulfinyl-lH-benzimidazole sind bisher (mangels 
eines geeigneten Trennverfahrens) noch nicht isoliert und charakterisiert wor- 
den. 

Beschreibung der Erfindung 

Es wurde nun ein Verfahren gefunden, mit dessen Hilfe die nachstehend naher be- 
zeichneten Pyri dylmethyl sulfinyl-lH-benzimidazole in ihre optischen Antipoden 
gespaltet werden konnen. 

Das Verfahren ist dadurch gekennzeichnet, daB man Verbindungen der Formel I, 
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R2 X T \_s — R6 (i) 

worin 

Rl Wasserstoff, 1-4C-Alkyl oder l-4C-Alkoxy bedeutet, 

R2 Wasserstoff, Trifluormethyl , 1-4C-Alkyl, l-4C-Alkoxy, ganz oder iiberwie- 
gend durch Fluor substituiertes l-4C-Alkoxy, Chlordifluormethoxy, 
2-Chlor-l,l,2-trifluorethoxy oder gemeinsam mit R3 gewiinschtenfalls ganz 
oder teilweise durch Fluor substituiertes 1-2C-A1 kylendioxy oder 
Chi ortri f 1 uorethyl endi oxy bedeutet, 

R3 Wasserstoff, 1-4C-Alkyl, l-4C-Alkoxy, ganz oder uberwiegend durch Fluor 
substituiertes l-4C-Alkoxy, Chlordifluormethoxy, 2-Chlor-l,l,2-trifluor- 
ethoxy oder gemeinsam mit R2 gewunschtenfalls ganz oder teilweise durch 
Fluor substituiertes 1-2C-A1 kylendioxy oder Chi ortri fl uorethyl endi oxy be- 
deutet, 

R4 Wasserstoff oder 1-4C -Alky! bedeutet, 

R5 Wasserstoff, 1-4C-Alkyl oder l-4C-Alkoxy bedeutet und 

R6 l-4C-Alkoxy, ganz oder uberwiegend durch Fluor substituiertes l-4C-Alkoxy 

oder Benzyl oxy bedeutet, 
oder ihre Salze mit Basen mit konfigurativ einheitlichen chiralen Verbindungen 
der Formel II, 

Rchi - X (II) 



worin Rchi einen konfigurativ einheitlichen, chiralen Rest und X eine Abgangs- 
gruppe darstellt, umsetzt, das erhaltene Isomeren- bzw. Diastereomerengemisch 
HI, 
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R4 R5 

XX 

-R6 (III) 



worin Rl, R2, R3, R4, R5 und R6 die oben angegebenen Bedeutungen haben und Rchi 
einen konfigurativ einheitlichen, chiralen Rest darstellt, trennt und aus den 
optisch reinen Diastereomeren die konfigurativ einheitlichen, optisch reinen 
Verbindungen I durch Solvolyse in stark saurem Medium freisetzt. 

1-4C-Alkyl steht fur geradkettige Oder verzweigte Alkylreste; beispielsweise 
seien der Butyl-, i-Butyl-, sec. -Butyl-, t-Butyl-, Propyl-, Isopropyl-, Ethyl- 
und insbesondere der Methyl rest genannt. 

l-4C-Alkoxy steht fiir geradkettige oder verzweigte Alkoxyreste; beispielsweise 
seien genannt der Butoxy-, i-Butoxy-, sec.-Butoxy-, t-Butoxy-, Propoxy-, Iso- 
propoxy-, Ethoxy- und insbesondere der Methoxyrest. 

Als ganz oder iiberwiegend durch Fluor substituiertes l-4C-Alkoxy seien bei- 
spielsweise der 1,2,2-Trifluorethoxy-, der 2,2,3,3,3-Pentaf luorpropoxy-, der 
Perfluorethoxy- und insbesondere der 1,1,2,2-Tetrafluorethoxy-, der Trifluor- 
methoxy-, der 2,2,2-Trifluorethoxy- und der Difluormethoxyrest genannt. 

Wenn R2 und R3 gemeinsam ganz oder teilweise durch Fluor substituiertes 1-2C- 
Alkylendioxy oder Chlortrifluorethylendioxy bedeuten, so sind die Substituenten 
R2 und R3 in Nachbarpositionen am Benzoteil des Benzimidazolringes gebunden. 

Als ganz oder teilweise durch Fluor substituiertes 1-2C-A1 kylendioxy seien bei- 
spielsweise der 1,1-Difluorethylendioxy- (-0-CF z -CH 2 -0-) , der 1,1,2,2-Tetra- 
fluorethylendioxy- (-0-CF 2 -CF 2 -0-) und insbesondere der Difluormethylendi- 
oxy- (-0-CF 2 -0-) und der 1,1,2-Trifluorethylendioxyrest (-0-CF 2 -CHF-0-) ge- 
nannt. 
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Als Verbindungen der Formel II koiranen prinzipiell alle chiralen, konfigurativ 
einheitlichen Verbindungen infrage, die mit der Verbindung I oder ihrem Anion 
unter Abspaltung der Abgangsgruppe X zu reagieren in der Lage sind und deren 
Rest Rchi nach der Diastereomerentrennung glatt und ohne unerwtinschte Nebenre- 
aktionen wieder abgespalten werden kann. 

Als Abgangsgruppen X komrnen insbesondere alle nucleophil ablosbaren Atome oder 

Gruppen, wie beispielsweise Halogenatome (J, Br oder insbesondere CI) oder 

durch Veresterung (z.B. mit Sulfonsauren) aktivierte Hydroxy! gruppen 

(-0-S0 -CH , -0-SO -CF^ Oder -0-SO o -C H -p-CH ) in Frage. 
Z 3 2 3 2 6 4 3 

Als Reste Rchi kommen alle konfigurativ einheitlichen Reste infrage, die sich 
von naturlich vorkonmienden oder synthetisch zuganglichen chiralen Verbindungen 
ableiten lassen und die solvolytisch unter sauren Bedingungen aus den Verbin- 
dungen III abgespalten werden konnen. Als Reste Rchi seien insbesondere genannt 

" Glycosyl reste, die sich von Glycopyranosen, Glycofuranosen oder Oligosac- 
chari den ableiten und die gewunschtenfal Is mit in der Kohlenhydratchemie 
ublichen Schutzgruppen teilweise oder vollstandig geschutzt sind, oder 

- chirale, iiber das Sauerstoffatom verknupfte Terpenalkohol reste, oder 

- andere chirale, uber das Sauerstoffatom verknupfte Alkohol reste, 

die jeweils an dem als Verknupfungsgl ied fungierenden Sauerstoffatom eine Car- 
bony lgruppe oder insbesondere eine Methyl engruppe tragen. 

Bevorzugte Reste Rchi sind Reste der Formel IV 

rv-0-CH 2 - (IV) 

worin R' gemeinsam mit dem Sauerstoffatom, woran es gebunden ist, einen Glyco- 
syl rest, einen chiralen Terpenalkohol rest, oder einen sonstigen chiralen Alko- 
hol rest darstellt. 

Als Glycosylreste R*-0- seien beispielsweise die Reste genannt, die sich von 
naturlich vorkommenden Mono- oder Disacchariden, wie Arabinose, Fructose, Ga- 
lactose, Glucose, Lactose, Mannose, Ribose, Xylose, Maltose, Sorbose oder 
N-Acetyl-D-glucosamin herleiten. 
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Als chi rale Terpenalkohol reste R'-0- seien insbesondere solche Reste genannt, 
die sich von einem naturlich vorkommenden Oder synthetisch leicht zuganglichen 
Terpenalkohol herleiten. Als beispielhafte Terpenalkohol e seien hierbei ge- 
nannt: Isopulegol, Neomenthol , Isomenthol, Menthol, Carveol , Dihydrocarveol , 
Terpinen-4-ol, Mirtenol, Citronellol, Isoborneol , Borneo!, Isopinocampheol und 
insbesondere Fenchol . 

Als sonstige chirale Alkoholreste R'-O- seien beispielsweise die Reste genannt, 
die sich von folgenden Alkoholen herleiten: Mandel saureester, Cinchonidin, Cin- 
chonin, Ephedrin, Sen nmethyl ester, Sitosterol, 3-Hydroxy-2-methy1 -propionsau- 
remethyl ester und Mi Ichsaureethyl ester. 

Ein besonderes bevorzugter Rest Rchi ist der Fenchyloxyraethyl rest. 

Die Umsetzung der Verbindung I mit der Verbindung II erfolgt auf eine dem Fach- 
mann vertraute Weise. Zur Erhohung der Nucleophilie der Verbindungen I ist es 
zweckmaRig, diese zu deprotonieren, d.h. von den Salzen der Verbindungen I mit 
Basen auszugehen. Als Beispiele fur basische Salze seien Natrium-, Kali urn-, 
Calcium-, Aluminium-, Magnesium-, Titan-, Ammonium- Oder Guanidiniumsalze er- 
wahnt, die beispielsweise durch Umsetzung der Verbindungen I mit den entspre- 
chenden Hydroxiden (z.B. Natriumhydroxid oder Kaliumhydroxid) auf ubliche Weise 
erhalten werden konnen. 

Die Umsetzung der Verbindungen I mit Verbindungen II wird in inerten, proti- 
schen oder aprotischen Losungsmitteln durchgefiihrt. Als solche eignen sich bei- 
spielsweise Methanol, Isopropanol , Dimethyl sulfoxid, Aceton, Acetonitril, Dio- 
xan, Di methyl formamid und vorzugsweise N-Methyl pyrrol i don. 

Die Umsetzung wird - in Abhangigkeit von der Reaktivitat der Verbindung II - 
vorzugsweise bei Temperaturen^zwi schen -30 C und +100 C, insbesondere bei Tem- 
peraturen zwischen 0 C und 50 C durchgefiihrt. 

Die Trennung des nach der Umsetzung von I mit II erhaltenen Diastereomerengemi- 
sches erfolgt in an sich bekannter Weise, beispielsweise durch Chromatograf i e 
an geeigneten Saul en oder vorzugsweise durch fraktionierte Kri stall isati on. 

Aufgrund der Prototropie im Benzimidazolteil der Verbindungen I (die 5- und 6- 
Positionen einerseits bzw. die 4- und 7-Positionen andererseits sind zueinander 
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identisch) entstehen bei der Umsetzung mit den Verbindungen II bei entsprechen- 
dem Substitutionsmuster im Benzimidazol Isomerengemische. ZweckmaBigerweise 
werden die Isomeren noch vor Trennung der Di astereomeren voneinander getrennt, 
beispielsweise durch Saulenchromatographie an geeignetem Tragermateri al (z.B. 
Kieselgel) und mit geeigneten Elutionsmitteln (z.B. Ethylacetat) . 

Die Freisetzung der konformativ einheitlichen Verbindungen I aus den optisch 
reinen Di astereomeren III erfolgt durch Solvolyse unter stark sauren Bedingun- 
gen. Als fur die Solvolyse geeignete Reagenzien seien beispielsweise starke, 
hoherkonzentrierte Sauren (z.B. 60-100 %-ige Schwefelsaure, konzentrierte Salz- 
saure, wasserfreie oder wasserhal tige Tetrafl uorborsaure, Methansulfonsaure, 
Trifluormethansulfonsaure, Phosphorsaure oder Perchlorsaure) , bevorzugt ca. 90 
%-ige Schwefelsaure genannt. Die Freisetzung erfolgt vorzugsweise bei Tempera- 
turen zwischen 0 und 40 C. Bei der auf die Freisetzung folgenden Aufarbeitung 
wird vorteilhafterweise so verfahren, daB der pH-Wert moglichst rasch erhoht 
wird, beispielsweise durch Einbringen der stark sauren Lbsung in Pufferlosung 
oder bevorzugt in Lauge. 

Die Verbindungen der Forme 1 II sind bekannt bzw. sie sind auf eine fur den 
Fachmann vertraute Weise aus bekannten Verbindungen auf analoge Weise zugang- 
lich. So konnen beispielsweise die Verbindungen II, in denen Rchi die Bedeutung 
der Formel IV hat und X ein Chloratom darstellt, durch Chlormethyl ierung ent- 
sprechender Alkohole [z.B. in Analogie zu R.C. Ronald et al., J. Org. Chem. 45 
(1980) 2224] hergestellt werden. 



Die Verbindungen der Formel III sind neu und ebenfalls Gegenstand der Erfin- 
dung . 

Die konfigurativ einheitlichen, optisch reinen Verbindungen der Formel I sind 
ebenfalls neu und daher auch Gegenstand der Erfindung. 

Als beispielhafte, durch das erfindungsgemaBe Verfahren herstellbare, optisch 
reine Verbindungen der Formel I und als dazugehorige erfindungsgemaBe Zwischen- 
produkte III seien anhand der Substituentenbedeutungen in den obenstehenden 
Formeln I bzw. Ill die folgenden Verbindungen der nachstehenden Tabelle 1 be- 
sonders erwahnt: 
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Tabelle 1 
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Fortsetzung TabelTe 1 



Kl 


R2, R3 


R4 


R5 


R6 


H 


H 


5-0CF 2 H 




H 


3-0CH 3 


4-0CH 3 


H 


H 


5-0CF 2 H 


3- 


-CH, 


5-0CH 3 


4-0CH 3 


H 


H 


5-0CF 3 


3- 


-CH 3 


5-0CH 3 


4-0CH 3 


H 


H 


5-0CF 2 CF 2 H 




H 


3-0CH 3 


4-0CH 3 


H 


Li 

n 


D-ULM 2 Lr 3 




H 


3-0CH 3 


4-0CH 3 


H 


5-och 3 


6-QCF 2 H 




H 


3-0CH 3 


4-OCH3 


H 


5,6-0-CF 2 


-0- 




H 


3-0CH 3 


4-0CH 3 


H 




-Inr-u- 




1 1 

H 


3-0CH 3 


4-0CH 3 


H 


H 


5-0CF3 




H 


5-0CH 3 


4-0CH 3 


H 


H 


5-0CF 2 CF 2 H 




H 


5-0GH 3 


4-0CH 3 


H 


5,6-0-CF 2 


-0- 




H 


5-0CH 3 


4-0CH 3 


u 
n 


5,6-0-CF 2 


-0- 




H 


4-QCH 3 


5-OCH 2 -<0> 


H 


H 


5-0CF 2 H 




H 


3-0CH 3 


4-0CH 2 -<o> 


H 


H 


5-0CF 2 H 




H 


4-0CH 3 


3-OCH 2 -@ 


H 


H 


5-0GF 2 H 


3 


-CH 3 


4-0CH 3 


5-0CH 2 -(o> 


H 


H 


5-0CF 2 H 




H 


3-0CH 3 


4-0CH 2 CF 3 


H 


H 


5-0CF 2 H 




H 


3-CH 3 


4-0CH 2 CF 3 


H 


H 


5-0CH 2 CF 3 




H 


3-CH 3 


4-0CH 2 CF 3 


H 


5,6-0-CF 2 


-0- 




H 


3-CH 3 


4-0CH 2 CF 3 



WO 92/08716 



-9- 



PCT/EP91/02096 



Besonders bevorzugte, durch das erf indungsgemaBe Verfahren herstellbare Verbin- 
dungen sind die Verbindungen 

(+)-5-Difluormethoxy-2-{[(3,4-dimethoxy-2-pyridinyl)inethy1]su1finyl}-lH-ben2- 
imidazol, 

(_) -5-Di f 1 uormethoxy-2- { [ (3 , 4-di methoxy-2-pyri di nyl ) methyl ] sul f i nyl } -lH-benz- 
imidazol , 

(+} -5-Methoxy-2- {[ (4-methoxy-3 , 5-di methyl -2-pyri di nyl ) methyl] sul fi nyl }-lH-benz- 
imidazol , 

(- )-5-Methoxy-2-{[(4-methoxy-3,5-dimethyl -2-pyri di nyl ) methyl] sul fi nyl} -lH-benz- 
imidazol , 

( + ).2-{[3-Methyl-4-(2,2,2-trifluorethoxy)-2-pyridinyl]methyl}sulfinyl-lH-benz- 
imidazol und 

(-)-2-{[3-Methyl-4-(2,2,2-trifluorethoxy)-2-pyridinyl]methyl}sulfinyl-lH-benz- 
imidazol , 

und ihre Salze mit Basen. 

Die folgenden Beispiele dienen der naheren Erlauterung der Erfindung. Die Ab- 
kurzung h steht fur Stunde(n), Schmp. fiir Schmelzpunkt . 
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Beispiele 

1- (+) -5-Di f 1 uormethoxy-2-{ [(3,4-dimethoxy-2-pyridinyl ) methyl] sulf inyl \ -1- 
[(+)-fechyloxymethyl]-benzimidazol 

Zu einer Losung von 50 g (0,123 Mol) (±)-5-Difluormethoxy-2-{[(3,4-dimeth- 
oxy-2-pyridinyl)methyl]sulfinyl}-lH-benzimidazol-Na-Salz in 125 ml N-Methyl- 
pyrrolidon tropft man bei einer Temperatur von 25-35 C innerhalb einer Stunde 
27,5 g (0,136 Hoi) (+) -Fenchyl -chlormethyl ether zu, Nach 6 h wird mit 500 ml 
Wasser verdunnt, der pH-Wert auf 9,0 gestellt und dreimal mit je 100 ml Di- 
chlormethan extrahiert. Die vereinigten organischen Phasen werden mit Wasser 
gewaschen, getrocknet und im Vakuum vollstandig eingeengt. Der olige Ruckstand 
wird an Kieselgel chromatographiert (Laufmittel: Ethylacetat) . Man isoliert 
25,2 g (74 %) eines Diastereomerengemisches aus (+)- und (-)-5-Difluormethoxy- 

2- { [ (3 ,4-di methoxy-2-pyri di nyl)methyl ] sul f i nyl } -1- [(+) -fenchyl oxymethyl] -benz- 
imidazol als blaBgelbes, allmahlieh kristallisierendes 01 (Rf.-Wert in Ethyl- 
acetat ca. 0,85). Viermalige Umkri stall isati on aus Ethyl acetat/Diisopropyl ether 
liefert die Titel verbindung (9,0 g, 71,4 %) in Form farbloser Kristalle vom 
Schmp. 138-139 C {[a] Q = +155,2° (c=l, Chloroform)}. 

2- (+)-5-Difluormethoxy-2-([(3,4-dimethoxy-2-pyridinyl)methyl]sulfinyll-lH- - 
benzimidazol 

1,0 g (l.SmMol) (+) -5-Di fluormethoxy-2-{ [(3, 4-dimethoxy-2-pyridi nyl) methyl ] - 
sulfinyl}-l-[(+)-fenchyloxymethyl]-benzimidazol werden portionsweise bei 5-10°C 
unter Ruhren in 7 ml 90 %-ige Schwef el saure eingetragen. Nach vol! standi ger 
Auflosung wird das Reaktionsgemisch unter Kuhlung in 8N Natronlauge einge- 
tropft, der pH auf 7,5 gestellt und mehrmals mit Dichlormethan extrahiert. Die 
vereinigten Extrakte werden mit Wasser gewaschen, iiber Magnesiumsul fat getrock- 
net und im Vakuum vollstandig eingeengt. Der rote, olige Ruckstand wird iiber 
Kieselgel chromatographiert (Dichlormethan/Methanol) und anschlieBend aus Di- 
isopropyl ether kristallisiert. Man erhalt 0,3 g (44%) der Titel verbindung als 
farbloses Kristallisat vom Schmp. 147-148 C (Zers.) {[o] = +146,0° 
(c= 0,5, Acetonitril/Methanol 1:1)}. D 
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3. (-) -5-Di f 1 uormethoxy-2- { [(3 ,4-dimethoxy-2-pyri di nyl ) methyl ] sul f i nyl } -1- 
[(-) -f enchyl oxymethyl ] -benzimi dazol 

Nach der in Bei spiel 1 beschriebenen Arbeitsweise erhalt man durch Umsetzung 
von 28 g (0,069 Mol) (±) -5-Di fl uormethoxy-2- { [(3,4-dimethoxy-2-pyridinyl)- 
methyl]sulfinyl}-lH-benzimidazol-Na-Salz mit 16,5 g (0,084 Mol) (-)-Fenchyl- 
chlormethyl ether in 75 ml N-Methyl pyrrol i don nach Chromatographie an Kieselgel 
(Dichlormethan/Methanol) 11,0 g (58 %) eines Diastereomerengemisches aus (+)- 
un d (-) -5-Di f 1 uormethoxy-2- { [(3,4-dimethoxy-2-pyridinyl )methyl] sul finyl }-l- 
[ (-)-f enchyl oxymethyl] -benzimi dazol . Mehrmalige Umkristallisation aus Ethylace- 
tat/Diisopropyl ether liefert die^Titel verbindung in Form farbloser Kri stall e 
(4,0 g, 72 %) vom Schmp. 138-139°C {[«] D = -152,8 (c=l, Chloroform)}. 

4. (-) -5-Di f 1 uormethoxy-2- f [(3 ,4-dimethoxy-2-pyri di nyl )methyl3 sul f i nyl } -1H- 
benzi mi dazol 

Nach der in Beispiel 2 beschriebenen Arbeitsweise erhalt man aus 1 g (1,8 mMol) 

(_) _5_Di f 1 uormethoxy-2- { [(3 ,4-dimethoxy-2-pyridi nyl )methyl] sul finyl }-l- [(-) - 

fenchyl oxymethyl] -benzimi dazol in 7 ml 90 %-iger Schwefelsaure 0,25 g (36 %) 

o 22 o 

der Titelverbindung vom Schmp. 144-145 C (Zers.) {[o] d = -144,4 

(c= 0,5, Acetonitril /Methanol 1:1)}. 

5. (+)-5-Methoxy-2-f[(4-methoxy-3,5-dimethyl-2-pyridi nyl )methyl] sul finyl }-l- 
[(+) -fenchyl oxymethyl] -benzimi dazol 

Nach der in Beispiel 1 beschriebenen Arbeitsweise erhalt man aus (±)-5- 
Methoxy-2-{[(4-methoxy-3,5-dimethyl-2-pyridi nyl )methyl] sul finyl }-lH-benzimi da- 
zol -Na-Salz (60 mMol) in 80 ml N-Methyl pyrrol i don nach Chromatographie an Kie- 
selgel (Ethylacetat) nach mehrmaliger Umkristallisation aus Ethyl acetat/Dii so- 
propyl ether 3,1 g (40 %) der Titelverbindung in Form farbloser Kristalle vom 
Schmp. 161°C (Zers.) {[a] =+103,0 (c=l, Chloroform)}. 
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6 - (+) -5-Methoxy-2-f [(4-methoxy-3 ,5-dimethyl -2-pyri di nyl ) methyl ] sul f i nyl \ -1H- 
benzimidazol 

Nach.der in Beispiel 2 beschn'ebenen Arbeitsweise erhalt man aus 0,51 g 
(1 mMol ) (+) -5-Methoxy-2-{ [(4-methoxy-3,5-dimethyl -2-pyridinyl Jraethyl] sul fi- 
nyl}-lH-[(+)-fenchyloxymethyl]-benzimidzol in 4 ml 90 %-iger Schwefelsaure 
0,15 g (43 %) der Titelverbindung als amorphen Feststoff {[a] 22 = +165° 
(c= 0,5, Chloroform)}. " D 
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Gewerbliche Anwendbarkeit 

Nach dem erf indungsgemaBen Verfahren konnen Pyri dyl methyl sulfinyl -IH-benzimida- 
zole erstmals in ihre optischen Antipoden aufgespalten werden. Als besonders 
uberraschend 1st hierbei die Tatsache zu werten, daB die Freisetzung der op- 
tisch reinen Verbindungen aus den Diastereomeren mit Hilfe hochkonzentrierter 
Mineralsauren vorgenommen wird, obwohl bekannt ist, daB es sich bei den Pyri- 
dylmethyl sulfinyl -lH-benzimidazolen um sehr saurelabile Verbindungen handelt. 

Die erfindungsgemaB hergestel 1 ten Verbindungen werden als Wirkstoffe in Arznei- 
mitteln fur die Behandlung von Magen- und Darmerkrankungen eingesetzt, Bezug- 
lich der Anwendungsweise und Dosierung der Wirkstoffe wird z.B. auf das europa- 
ische Patent 166 287 verwiesen. 
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Patentanspruche 

1. Konf i gurati v einheitliche, optisch reine Verbindungen der Forme! I 

F R4 R5 

won' n 

Rl Wasserstoff, 1-4C-Alkyl oder l-4C-Alkoxy bedeutet, 

R2 Wasserstoff, Trifluormethyl , 1-4C-Alkyl , l-4C-Alkoxy, ganz oder uberwie- 
gend durch Fluor substituiertes l-4C-Alkoxy, Chlordifluormethoxy, 
2-Chlor-l,l,2-trifluorethoxy oder gemeinsam mit R3 gewiinschtenfalls ganz 
oder teilweise durch Fluor substituiertes l-2C-Alkylendioxy oder 
Chi ortri f 1 uorethyl endi oxy bedeutet, 

R3 Wasserstoff, 1-4C-Alkyl, l-4C-Alkoxy, ganz oder uberwiegend durch Fluor 
substituiertes l-4C-Alkoxy, Chlordifluormethoxy, 2-Chlor-l,l,2-trifluor- 
ethoxy oder gemeinsam mit R2 gewunschtenf all s ganz oder teilweise durch 
Fluor substituiertes 1-2C-A1 kyl endi oxy oder Chlortrifluorethylendioxy be- 
deutet, 

R4 Wasserstoff oder 1-4C-Alkyl bedeutet, 

R5 Wasserstoff, 1-4C-Alkyl oder l-4C-Alkoxy bedeutet und 

R6 l-4C-Alkoxy, ganz oder uberwiegend durch Fluor substituiertes l-4C-Alkoxy 

oder Benzyl oxy bedeutet, 
und ihre Salze mit Basen. 

2. Verbindung nach Anspruch 1, ausgewahlt aus der Gruppe bestehend aus 

(+) -5-Di f 1 uormethoxy-2- { [ (3 , 4-di methoxy-2-py ri di nyl )methyl ] sul f i nyl } -lH-benz- 
imidazol , 

(-) -5-Di f 1 uormethoxy-2- { [ (3 , 4-dimethoxy-2-py ri di nyl )methyl ] sul f i nyl } -lH-benz- 
imidazol , 

(+j -5-Methoxy-2- { [ (4-methoxy-3 , 5-dimethyl -2-pyri di nyl )methyl] sul f i nyl } -IH-benz 
imidazol, 
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(-) -5-Methoxy-2- { [(4-methoxy-3 , 5-dimethyl -2-pyri di nyl )methyl ] sul f i nyl } -lH-benz- 
imidazol , 

(+)-2-{[3-Methyl-4-(2 f 2,2-trifluorethoxy)-2-pyndinyl]methyl}s^ 
imidazol und 

(-) -2- { [3-Methy 1 -4- (2 , 2 , 2-tri f 1 uorethoxy ) -2-pyri di ny 1 ] methyl } sul f i nyl -lH-benz- 
imidazol , 

und ihren. Salzen mit Basen. 

3. Verfahren zur Herstellung von konfigurativ einheitl ichen, optisch reinen 
Verbindungen der Formel I nach Anspruch 1 und ihren Salzen, dadurch gekenn- 
zeichnet, daB man Racemate von Verbindungen der Forme! I, worin Rl, R2, R3, R4, 
R5 und R6 die in Anspruch 1 angegebenen Bedeutungen haben, oder ihre Salze mit 
Basen, mit konfigurativ einheitl ichen, chiralen Verbindungen der Formel II, 



Rchi 



(II) 



worin Rchi einen konfigurativ einheitl ichen, chiralen Rest und X eine Abgangs- 
gruppe darstellt, umsetzt, das erhaltene Isomeren- bzw. Diastereomerengemisch 
III, 




R4 R5 

XX 

- -R6 



(Hi) 



worin Rl, R2, R3, R4, R5 und R6 die in Anspruch 1 angegebenen Bedeutungen haben 
und Rchi einen konfigurativ einheitl ichen, chiralen Rest darstellt, trennt und 
aus den optisch reinen Diastereomeren die konfigurativ einheitl ichen, optisch 
reinen Verbindungen I durch Solvolyse in stark saurem Medium freisetzt und ge- 
wunschtenfalls anschlieBend in die Salze mit Basen uberfuhrt. 
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4. Verfahren nach Anspruch 3, dadurch gekennzeichnet, daB man eine Verbindung 
ausgewahlt aus der Gruppe bestehend aus 

(+) -5-Di f 1 uormethoxy-2- { [ (3 , 4-di methoxy-2-pyri di nyl ) methyl] sul f i nyl } -lH-benz- 
iraidazol , 

( -) -5-Di f 1 uormethoxy-2- { [(3 , 4-dimethoxy-2-pyri di nyl )methyl] sul f i nyl } -lH-benz- 
imidazol , 

(+) -5-Methoxy-2- { £(4-methoxy-3 , 5-di methyl -2-pyri di nyl )methy 1] sul f i nyl } -IH-benz- 
imidazol , 

( -) -5-Methoxy-2- { [(4-methoxy-3 , 5-di methyl -2-pyri di nyl )methy 1 ] sul f i nyl } -lH-benz- 
imidazol , 

(+) -2- { [3-Methyl -4- (2, 2,2-tri f 1 uorethoxy) -2-pyri di nyl ] methyl } sul f i nyl -lH-benz- 
imidazol und 

(-) -2- { [3-Methyl -4- (2, 2 ,2-tri f 1 uorethoxy) -2-pyri di nyl ] methyl } sul f i ny 1 -lH-benz- 
imidazol , 

oder ihr Salz mit Basen herstellt. 

5. Zwischenprodukte der Formel III, 



Rchi 




worin Rl, R2, R3, R4, R5 und R6 die in Anspruch 1 angegebenen Bedeutungen haben 
und Rchi einen konfigurativ einheitlichen, chiralen Rest darstellt. 

6. Zwischenprodukte nach Anspruch 5, worin Rchi einen Fenchyloxymethylrest dar- 
stellt. 
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AN ORAL FORMULATION FOR GASTRIC ANTIBACTERIAL 
TREATMENT AS WELL AS A PROCESS THEREOF AND THE 
USE 



5 Technical field 

The invention relates to formulations for treatment of infections 
in the upper gastrointestinal tract especially infections caused by 
Helicobacter pylori, and a process for the manufacture of said 
formulations as well as the use thereof. 

10 

Said formulations give a prolonged release of antimicrobal 
agent(s) in the upper gastrointestinal tract. 

Background of the invention 

15 Helicobacter pylori (H.pylori) is a recently discovered bacterium, 
cultured for the first time in Australia 1982 [Warren JR Lancet 
1983; 1:1273], which has attracted much interest due to its 
possible aetiological role in a number of disorders in the upper 
gastrointestinal tract. It is considered a major cause in the 

20 development of peptic ulcer disease [Helicobacter pylori Working 
Party Report. World Congress in Gastroenterology, Sydney 1990] 
H. pylori is accepted as the aetiological agent in most cases of 
chronic non-specific gastritis. Chronic active gastritis is highly 
correlated to H. pylori-infections. The organism is found in 

25 association with chronic active gastritis in almost 100% of the 
cases. Further, it was concluded in a case-control study of 372 
patients that infection with H. pylori is associated with an 
increased risk of gastric adenocarcinoma and may be a cofactor in 
the pathogenesis of this malignant condition [Parsonnet J, 

30 Friedman GD, Daniel MS et al. N Engl J Med 1991;325:1127-31]. 

The pathogenic mechanism of H. pylori is not yet known in its 



details. The mode of transmission is unknown but considered to 
be by the faecal oral route and may be waterborne. H. pylori is 
found throughout the world but there is a higher prevalence of 
the organism in less developed countries and in patients with low 
economic status in western countries. The overall prevalence in 
western countries is about 52 % and increases with advancing 
age. 

H. pylori is a Gram-negative microaerophilic bacterium which is 
about 3.5 pm in length and 1 pm in diameter. Due to the 
presence of 4-6 flagella attached to the end of its typical S- or 
spiral shape form, the bacterium can move rapidly in mucus. It 
lives closely attached to the gastric epithelial cells beneath the 
mucus layer and colonises the stomach, mainly the antrum, in a 
patchy fashion. 

In vitro studies show a high sensitivity of H. pylori to many 
antibiotics [McNulty CA, Dent JC. Eur J Clin Microbiol Infect Dis 
1988;7:566-569], [Lambert T, Megraud F, Gerbaud G et al. 
Antimicrob Agents Chemother 1986;30:510-511]. However, in vivo 
studies have demonstrated that there is a small correlation 
between in vitro sensitivity for H. pylori and treatment results in 
vivo for antibacterial drugs. The eradication regime with best 
eradication results today (elimination of H. pylori in 80-90% of 
treated patients) is triple therapy [Axon ATR. Scand J 
Gastroenterol 1989;24(suppl 160) :35-38.]. The therapy is a 
combination of a bismuth preparation, metronidazole and 
amoxicillin or tetracycline. However, the dosage regimen involves 
many tablets and there is a need of administration several times 
per day. This is difficult for the patient to follow and compliance 
has been shown to be important to achieve the high eradication 
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rates. Adverse effects, mainly due to metronidazole or bismuth 
are very common. About 30% of the patients have reported side 
effects [Axon ATR, Scand J Gastroenterol 1989;24(suppl 160):35- 
38]. 

5 

Monotherapy of different antibiotics which are known to have 
good effect in vitro against H.pylori is insufficiently effective in 
vivo. Amoxicillin, for example, eradicates H.pylori only in about 
20% of treated patients. Combination of two drugs give higher 

10 eradication rates than monotherapy. Bismuth preparations 
(bismuth subsalicyclate or colloidal bismuth subcitrate) in 
combination with amoxicillin eradicated H.pylori in 44 % of 
treated patients, bismuth + metronidazole, amoxicillin + 
tinidazole and amoxicillin + metronidazole in about 55 % of the 

15 patients, respectively [Chiba N, Rademaker JW, Rao BV et al. 
Gut 1991;32:A1220-1221 Abstract]. 

Antibacterial agents have also been combined with acid secretion 
inhibitors. Combinations with his tamin 2 -blockers show no 

20 improved effect. Proton pump inhibitors e g omeprazole, which 
have very little anti-H.pylori effect on its own show a synergistic 
effect in combination with antibiotics. A dose of 750 mg 
amoxicillin twice daily with 40 mg omeprazole once daily was 
reported to eradicate H.pylori in 54% of the patients [Unge P, 

25 Eriksson K, Bergman B. et al. Gastroenterol 

1992;102(4);A183(abstract)]. Any explanation for this synergistic 
effect is not yet known, according to available information. 



30 



Many antibiotics have relatively short duration of action and are 
given 3-4 times a day. Attempts to prolong the action by use of 
prolonged release products have generally been unsuccessful 
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because the absorption of the antibiotic from the gastrointestinal 
tract is poor when administered in slow release form [Delgado 
Charro MB, Vila Jato JL. Int J Pharm 1992;78;35-41] Instead 
antibiotics are given in rapidly absorbed formulations, e g tablets 
5 or capsules. In order to achieve sufficiently long duration of action 
higher doses are given. 

In all previous studies on H.pylori eradication rapidly available 
dosage forms of the antibacterial agents have been used and 

10 attempts have been made to increase the success rate by using 
very high doses of antibacterials as well as proton pump 
inhibitors. For example, 82% of treated patients were eradicated 
after 10 days therapy of 40 mg omeprazole twice daily in 
combination with 1 g amoxicillin twice daily followed by 6 weeks 

15 monotherapy of 20 mg omeprazole once daily. [Bayerdorffer E, 
Marines GA, Sommer A et al. Gastroenterol 
1992;102(4):A38(abstract)]. 

Outline of the invention 

20 We have discovered that the effectiveness of the treatment can be 
improved in an entirely different way, namely by administration 
of the antibacterial agents in prolonged release formulations and 
administer the formulations in such a way that they stay in the 
stomach several hours. It is not yet known if the H.pylori 

25 bacterias are accessible for treatment by antibacterial agents in 
the stomach or if the drug has to be absorbed and reach the 
bacterias via the blood circulation. The improved effect of 
formulations according to this invention may indicate that a local 
effect in the stomach is important. 

30 

Examples of formulations with prolonged gastric residence time 
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are bioadhesive systems which interact with mucus or the 
mucosa. Another way to prolong the residence time is swelling 
systems which expand in contact with the gastric fluid to a size 
which does not allow the system to pass through the pylorus. 
5 Further examples are formulations with very high density or 
systems which float on the gastric contents. It has also been 
observed that large non-disintegrating tablets or capsules can be 
retained for several hours in the stomach. The retention time in 
the stomach is especially prolonged when the tablet or capsule is 

10 administered together with food due to the sieving function of 
pylorus when the stomach is in the digestive mode [Davis SS, 
Hardy JG, Taylor MJ et al. Int J Pharm 1984;21:331-340]. Food 
also retards the emptying of tablets or pellets, but the effect is 
less pronounced. The critical size is reported to be about 7 mm 

15 [Khosla R. Nottingham: University of Nottingham, 1987. (Diss).] 

The drug should be released within 1-24 h, preferably 1-6 h. To 
achieve an effective treatment of H.pylori infection the product 
should remain in the stomach at least 2-4 h, preferably more than 

20 6 h. The major part of the drug should be released before the 

tablet leaves the stomach. The drugs suitable for the preparations 
according to the invention are e.g. ampicillin, amoxicillin, 
benzylpenicillin , phenoxymethylpenicillin, bacampicillin, 
pivampicillin, carbenicillin, cloxacillin, cyclacillin, dicloxacillin, 

25 methicillin, oxacillin, piperacillin, ticarcillin,flucloxacillin, 

cefuroxime, cefetamet, cefetrame, cefixime, cefoxitin, ceftazidime, 
ceftizoxime, latamoxef, cefoperazone, ceftriaxone, cefsulodin, 
cefotaxime, cephalexin, cefaclor, cefadroxil, cefalothin, cefazolin, 
cefpodoxime, ceftibuten, aztreonam, tigemonam, erythromycin, 

30 dirithromycin, roxithromycin, azithromycin, clarithromycin, 

clindamycin, paldimycin, lincomycin, vancomycin, spectinomycin, 
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tobramycin, paromomycin, metronidazole, tinidazole, ornidazole, 
amifloxacin, cinoxacin, ciprofloxacin, difloxacin, enoxacin, 
fleroxacin, norfloxacin, ofloxacin, temafloxacin, doxycycline, 
minocycline, tetracycline, chlortetracycline, oxytetracycline, 
5 methacycline, rolitetracyclin, nitrofurantoin, nalidixic acid, 
gentamicin, rifampicin, amikacin, netilmicin, imipenem, 
cilastatin, chloramphenicol, furazolidone, nifuroxazide, 
snlfadiazin, sulfametoxazol, bismuth subsalicylate, colloidal 
bismuth subcitrate, gramicidin, mecillinam, cloxiquine, 

10 chlorhexidine, dichlorobenzylalcohol, methyl-2-pentylphenol. The 
active agents could be in standard forms or used as salts, 
hydrates, esters etc. A combination of two or more of the above 
listed drugs may be preferable, for example to minimize the risk 
for developing resistance. The antimicrobial agents can also be 

15 combined with other drugs used in the treatment of acid related 
diseases e.g. acid pump inhibitors or H 2 -blockers, such as for 
example omeprazole. 

Possible formulations to be used are large non-disintegrating 
20 tablets or capsules e.g. inert matrix tablets [Hui H, Robinson JR, 
Lee VHL. Design and fabrication of Oral Controlled Delivery 
Systems. In: Robinson JR, Lee VHL, eds. Controlled Drug 
Delivery. Fundamentals and applications. New York: Marcel 
Dekker, Inc, 1987:373-432], osmotic pumps [Davis SS, Fara JW. 
25 Osmotic pumps. In: Hardy JG, Davis SS, Wilson CG, eds. Drug 
Delivery to the Gastrointestinal Tract. Chichester: Ellis Horwood 
Limited, 1989:97-109.] and membrane-coated tablets. Further, 
swelling systems [Banker, US Patent + no 261,242,] floating 
systems [Davis SS, Stockwell AF, Taylor MJ et al. Pharm Res 
30 1986;3:208-213.], [Washington N, Wilson CG, Greaves JL et al. 
Scand J Gastroenterol 1988;23:920-924], formulations with high 
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density [Devereux JE, Newton JM, Short MB. J Pharm 
Pharmacol 1990;42:500-501] and mucoadhesive systems 
[Junginger HE. Pharm Ind 1991;53:1056-1065] prepared from e.g. 
polycarbophil, polyacrylic acid, methylcellulose, polyethylene 
5 oxide, chitosan, tragacanth, sodium carboxymethyl cellulose can 
be used. 

An example from the above listed formulations is the inert porous 
matrix tablet which is obtained by mixing the drug with waxes or 

10 water insoluble polymers and with fillers and binders. Paraffin, 
polyvinylchloride, ethylcellulose, stearylic alcohol, cetylic alcohol, 
carnauba wax, polyethylene, polyvinyl acetate, polymethyl 
methacrylate could be used as suitable diffusion retarding 
compounds. Other excipients used in the preparations of such 

15 tablets are e.g. lactose, mannitol, calcium phosphates, magnesium 
stearate, hydroxypropyl methylcellulose, methylcellulose, 
polyvinylpyrrolidone, aluminium silicate, sodium carbonate, 
potassium phosphate or other suitable materials. 
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Examples 

It is the object of the present invention to provide an extended- 
release preparation with prolonged gastric residence time after 
oral administration, containing one or more antimicrobial agents. 

5 

Example 1: g 

Amoxicillin sodium 830 

Paraffin 500 

10 Ethylcellulose 60 

Magnesium stearate 28.8 

Amoxicillin sodium was mixed in a planetary mixer for 5 minutes 
with paraffin. The resultant mixture was then moistened for 5 
15 minutes with a solution of ethylcellulose in isopropanol and dried. 
The granulate was milled through a 1.0 mm sieve and lubricated 
for 2 minutes with magnesium stearate. 

The granulate was compressed to tablets on a tabletting machine 
20 fitted with 13 mm punches. Each tablet contained 415 mg 

amoxicillin sodium. The release profile of the drug is shown in 
Figure 1. 



25 



Example 2: g 



Amoxicillin trihydrate 215.6 

Paraffin 250 

Sodium carbonate 209 

Ethylcellulose 30 

30 Magnesium stearate 14.1 
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The composition according to Example 2 was formed to modified 
release tablets containing 375 mg of amoxicillin/tablet. The tablet 
were prepared in the following way: 

5 Amoxicillin trihydrate, paraffin and sodium carbonate were mixed 
for 5 minutes in a planetary mixer. The remaining process was 
made according to Example 1. The release profile of the drug is 
shown in Figure 2. 



10 Example 3 g 

Amoxicillin trihydrate 215 

Tripotassium phosphate 209 

Polyvinylpyrrolidone 20 

15 Magnesium stearate 20 



Compressed into tablets after granulation and drying as in 
Example 1. The tablets were coated with a porous membrane 
coating consisting of polyvinyl chloride in acetone according to 

20 [Kallstrand G, Ekman B. J Pharm Sci 1983;72(7):772-775]. 

Micronized sucrose (particle size less than 10 um) was suspended 
in the polymer solution. Coating was achieved by spraying the 
suspension on a moving bed of tablets with an airless sprayer. 
Coating was continued until the weight if the coat on each tablet 

25 was 50 mg. 
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Example 4: g 

Amoxicillin trihydrate 244 

Ethylcellulose 268 

5 Chitosan 366 

Hydrochloric acid 0,13 

Water purified q s 

* • 
Ethanol q s 

* 

10 Used in the manufacture of pellets but removed during 
subsequent processing 



The bioadhesive pellets were manufactured using conventional 
fluid-bed coating technology. Amoxicillin trihydrate was 
successively coated with solutions containing chitosan and 
ethylcellulose, respectively. 
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Claims 

1. An oral formulation containing active materials for treatment 
of infections in the upper gastrointestinal tract characterized in 

5 that the formulation is retained in the stomach for a prolonged 
time whereby the active materials are released continuously 
during said time. 

2. A formulation according to claim 1 where the preferred 
10 retention time is at least 1 h during which period the active 

materials are released continuously. 

3. A formulation according to claim 1, wherein the formulation 
contains one or more antibacterial agents. 

15 

4. A formulation according to claim 1 where the infection is 
caused by Helicobacter pylori. 

5. A formulation according to claim 1 wherein the active 
20 substance is amoxicillin. 

6. A formulation according to claim 1 comprising a combination 
of two or more active agents. 

25 7. A formulation according to claim 1 where the dosage form has 
bioadhesive properties. 



30 



8. A formulation according to claim 1 consisting of a non- 
disintegrating prolonged release formulation containing 
antibacterial agents. 
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9. A formulation according to claim 8 wherein the size is not less 
than 7 mm. 

10. A formulation according to claim 9 where the release of the 

5 active compound is controlled by a non-disintegrating membrane. 

11. A formulation according to claim 9 where the formulation is 
an inert porous matrix. 

10 12. A process for the manufacture of a preparation according to 
claim 11 wherein the active substance is mixed with polymers or 
materials in an amount exceeding 10% of the weight of the 
mixture and the resulting mixture is compressed into a tablet. 

15 13. A process according to claim 12 wherein the tablet is heated 
to a temperature above the melting point of the waxy material to 
retard the release profile and improve the mechanical strength of 
the tablet. 

20 14. Use of a formulation according to claim 1 in the preparation 
of an active dosage form for the treatment of infections in the 
upper gastrointestinal tract. 

15. Use of a formulation according to claim 1 together with acid 
25 secretion inhibitors. 

16. Use of a formulation according to claim 1 together with 
proton pump inhibitors. 



30 



17. Use according to claim 16 wherein the proton pump inhibitor 
is omeprazole. 
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EXAMPLE 1 PHOSPHATE BUFFER, pH A. 5, 100 rpm 
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WO 94/02140 PCT/JP93/00920 

DESCRIPTION 

PHARMACEUTICAL COMPOSITION CONTAINING ANTIULCER AGENT 

[Technical Field] 

This invention relates to a pharmaceutical composition 
containing an antiulcer agent, which composition is improved in 
stability and unchanged in dissolution property with time. 

[Background Art] 

2-[ (2-Pyr idyl )methylsulf inyl ] benzimidazole compounds 
(simply referred to as "benzimidazole compounds") having 
H + -K + ATPase inhibitory activity are useful as therapeutic 
agents for digestive ulcers which serve to suppress potently 
the secretion of gastric acid. The inhibitory activity is so 
potent and lasting that they have attracted attention as a next- 
generation therapeutic agent for digestion ulcers which 
supersedes hystamine H 2 receptor antagonists such as cimetidine, 
etc. In particular, benzimidazole compounds described in 
Japanese Patent First Publications [41783/1979, 50978/1986 and 
6270/1989 have a potent gastric antiulcer activity and are 
corroborated to have clinical usefulness. 

These benzimidazole compounds disclosed, however, have poor 
stability. That is, they are unstable, in the solid state, to 
heat, humidity and light, and are susceptible, in an acidic or 
neutral aqueous solution, to rapid decomposition and 
significant coloring. Further, in the form of preparations such 
as tablets, fine granules, granules, capsules and powders, the 
benzimidazole compounds are adversely affected by other 
ingredients than them in the preparations and becomes unstable, 
thus causing decrease in content thereof and color change with 
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the lapse of time. Of these preparations, where the tablets or 
granules are applied with an enteric coating, the compatibility 
of the compounds with the enteric agent (e.g. cellulose 
acetate/phthalate, hydroxypropyl methyl eel lulose phthalate, 
hydroxymethylcel lulose acetate succinate, methacrylic 
acid/acrylic acid copolymer) is so poor that the decrease in 
content and coloring occur. 

The manufacture of oral preparations of benzimidazole 
compounds necessitates incorporating another ingredients and 
applying an enteric coating, but the stability of the compounds 
is thus adversely affected, and consequently, it has been 
difficult to manufacture the oral preparations. 

In the past, in order to obtain a stable pharmaceutical 
preparation of benzimidazole compounds having antiulcer 
activity, there has been proposed a method of bringing the 
compounds into homogeneous contact with a magnesium and/or 
calcium salt of basic inorganic acid (e.g. heavy magnesium 
carbonate, magnesium oxide, precipitated calcium carbonate, 
calcium hydroxide) (Japanese Patent Publication 38247/1991). 
According to the Publication 38247/1991, the change of the 
pharmaceutical preparation during storage in appearance and 
content (residue rate) was measured and as a result, it is 
reported that there was no change of appearance and the content 
was stable. However, we, the inventors have traced the 
Publication according to its method as described by preparing 
enteric tablets of omeprazole and conducting stability test, and 
demonstrated that significant coloration and significant 
decrease in content have been caused because of the effects of 
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the enteric coating agent and accordingly, sufficiently stable 
preparations cannot be obtained. 

Again, Japanese Patent First Publication 283964/1987 
discloses a composition comprising a benzimidazole derivative 
and its 5% by weight or more of a basic substance (hydroxides or 
inorganic acid salts of alkali metals, alkali earth metals or 
aluminum) and its results of preservation stability (residue 
amount). However, it will be evident that in case where the 
composition is covered with an enteric coating agent, stable 
enteric preparations cannot be likewise obtained for the reasons 
above. 

On the other hand, these problems have been solved by a new 
pharmaceutical preparation which is disclosed in Japanese 
Patent First Publication 258320/1987. The new preparation is 
composed of ® a core portion containing an active component, 
(2) an intermediate coating on the core portion consisting of one 
or more layers and ® an enteric coating on the intermediate 
coating, thereby forming a three-coat oral enteric 
pharmaceutical preparation, wherein the core portion comprises 
an alkaline reactive compound, e.g. magnesium oxide, magnesium 
hydroxide, etc. and the intermediate coating comprises a pH 
buffering alkaline compound, e.g. magnesium oxide, magnesium 
hydroxide, or complex compound [AI2O3 •6MgO*C0 2 •12H 2 0 or MgO 
• AI2O3 ^SiCh •nHzO (n is non-integer of less than 2). Thus, 
the preparation is characterized in that the core portion 
includes an alkaline reactive compound and the intermediate 
coating includes a pH buffering alkaline compound. The 
Applicant of this invention is manufacturing and selling stable 
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omeprazole preparations wherein magnesium hydroxide is selected 
as a best alkaline compound and synthetic hydrotalci te, as a pH 
buffering alkaline compound of the intermediate coating. 
However, in the case of the omeprazole preparations in tablet 
form, problems have occurred in the course of manufacturing 
process in that since the film formability of the first and 
second intermediate coating layers is very poor, they cause 
partial separation and because of brittleness, defective 
coating films are produced by impact during the manufacturing 
process, with the result that defective tablets in the 
intermediate coating coexist. As a consequence, inclusion of 
reject tablets, which are partially browned because of direct 
contact of the enteric coating with the core portion, has 
occurred. Further problem is that the pharmaceutical 
preparations are unstable to humidity and consequently, when 
stored under humidifying condition, have caused delay in 
disintegration of the tablets and impairment of dissolution. 
Thus the three-coat pharmaceutical preparations are improved in 
stability; nevertheless, the manufacture of them is likely to 
produce reject products, and it is a current practice to apply 
a tight, dampproof package to the tablets for the marketing 
process, which is not advantageous in economy aspect, as well. 

[Disclosure of Invention] 
In view of the current situation described above, with a 
view toward developing more useful preparations of benzimidazole 
compounds having antiulcer activity and being unstable to 
acids, a variety of substances have been investigated 
intensively, and it has been found that the foregoing problems 
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can be solved by incorporating a stabilizer selected from the 
group consisting of alminum hydroxide • sodium bicarbonate 
coprecipi tate alone, a mixture of the aforesaid coprecipi tate 
and a buffer, a mixture of alminum glycinate and a buffer, a 
mixture of an amino acid and a buffer a mixture of an acid salt 
of an amino acid and a buffer or a mixture of an alkali salt of 
an amino acid and a buffer, which has matured to this invention. 
This invention is directed to : 

(1) an enteric pharmaceutical composition, containing antiulcer 
agent, improved in stablility and unchanged in dissolution 
property with the lapse of time, which composition comprises a 
core portion including a 2-[ (2-pyr idyl )methylsulf inyl ]- 
benzimidazole compound that has antiulcer activity and is 
unstable to acid, and undercoating of one or two layers 
covering the core portion and an enteric coating further 
covering the undercoating, wherein said core portion and/or said 
undercoating comprise a stabilizer selected from the group 
consisting of aluminum hydroxide • sodium bicarbonate 
coprecipi tate alone, a mixture of the aforementioned 
coprecipi tate and a buffer, a mixture of aluminum glycinate and 
a buffer, a mixture of an amino acid and a buffer, a mixture of 
an acid salt of an amino acid and a buffer, and a mixture of an 
alkali salt of an amino acid and a buffer; 

(2) an enteric pharmaceutical composition improved in stability 
and unchanged in dissolution property with the lapse of time, 
which composition comprises a core portion including a 2-[(2- 
pyridyl )methylsulf inyl ] benzimidazole compound that has 
antiulcer activity and is unstable to an acid, an undercoating 
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of one or two layers covering the core portion, and an enteric 
coating further covering the undercoat ing, wherein the core 
portion and/or the undercoating comprise aluminum hydroxide* 
sodium bicarbonate coprecipi tate; 

(3) the enteric pharmaceutical composition as set forth in item 
2, wherein the aluminum hydroxide* sodium bicarbonate 
coprecipitate in the undercoating is in the range of 0.01—10 
parts by weight based on 100 parts by weight of the core 
portion; 

(4) the enteric pharmaceutical composition as set forth in item 
2, wherein the undercoating comprises aluminum hydroxide* sodium 
bicarbonate coprecipitate and talc; 

(5) an enteric pharmaceutical composition improved in stability 
and unchanged in dissolution property with the lapse of time, 
which composition comprises a core portion including a 2-[(2- 
pyridyl )methylsulf inyl ] benzimidazole compound that has 
antiulcer activity and is unstable to an acid, an undercoating 
of one or two layers covering the core portion, and an enteric 
coating further covering the undercoating, wherein the core 
portion and/or the undercoating comprise aluminum hydroxide* 
sodium bicarbonate coprecipitate and a buffer; 

(6) the enteric pharmaceutical composition as set forth in item 
5, wherein the aluminum hydroxide • sodium bicarbonate 
coprecipitate and a buffer are in the range of, respectively, 

0.01~0.5 part by weight and 0.01~2 parts by weight based on 
1 part by weight of the 2-[ (2-pyridyl )methylsulf inyl ]- 
benzimidazole compound; 

(7) the enterinc pharmaceutical composition as set forth in item 
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5, wherein the buffer is sodium tartarate, sodium acetate, 
sodium bicarbonate, sodium carbonate, sodium polyphosphate, 
potassium polyphosphate, sodium pyrophosphate, potassium 
pyrophosphate, disodium hydrogenphosphate, dipotassium 
hydrogenphosphate, trisodium phosphate or tripotassium 
phosphate; 

(8) an enteric pharmaceutical composition improved in stability 
and unchanged in dissolution property with the lapse of time, 
which composition comprises a core portion including a 2-[(2- 
pyr idyl )methylsulf inyl ] benzimidazole compound that has 
antiulcer activity and is unstable to an acid, an undercoating 
of one or two layers covering the core portion, and an enteric 
coating further covering the undercoating, wherein the core 
portion and/or the undercoating comprise aluminum glycinate and 
a buffer; 

(9) the enteric pharmaceutical composition as set forth in item 
8, wherein the aluminum glycinate and the buffer are in the 
range of, respectively, 0.1 — 2 parts by weight and 0.01~2 
parts by weight based on 1 part by weight of the 2-[(2- 

pyr idyl )methylsulf inyl ] benzimidazole compound; 

(10) the enteric pharmaceutical composition as set forth in item 
8, wherein the buffer is sodium tartarate, sodium acetate, 
sodium bicarbonate, sodium carbonate, sodium polyphosphate, 
potassium polyphosphate, sodium pyrophosphate, potassium 
pyrophosphate, disodium hydrogenphosphate, dipotassium 
hydrogenphosphate, trisodium phosphate or tripotassium 
phosphate; 

(11) an enteric pharmaceutical composition improved in stability 
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and unchanged in dissolution property with the lapse of time, 
which composition comprises a core portion including a 2-[(2- 
pyr idyl )methylsulf inyl ] benz imidazole compound that has 
antiulcer activity and is unstable to an acid, an undercoating 
of one or two layers covering the core portion, and an enteric 
coating further covering the undercoating, wherein the core 
portion and/or the undercoating comprise a mixture of amino 
acid, an acid salt of an amino acid or an alkali salt of an 
amino acid and a buffer; 

(12) the enteric pharmaceutical composition as set forth in item 
11, wherein the amino acid, acid salt of an amino acid, or 
alkali salt of an amino acid is in the range of 0.01~2 parts by 
weight and the buffer is in the range of 0.01~2 parts by 
weight, respectively, based on 1 part by weight of the 2-[(2- 
pyridyl )methylsulf inyl ] benzimidazole compound; 

(13) the enteric pharmaceutical composition as set forth in item 
11, wherein the amino acid, acid salt of an amino acid or 
alkali salt of an amino acid is glycine, glycine hydrochloride, 
L-alanine, DL-alanine, L-threonin, DL-threonin, L-isoleucine, 
L-valine, L-phenylalanine, L-glutamic acid, L-glutamic acid 
hydrochloride, sodium L-glutamate, L-asparagic acid, sodium L- 
asparagate, L-lysine or L-lysine-L-glutamate; and the buffer is 
an alkaline metal salt of phosphoric acid, sodium tartarate, 
sodium acetate, sodium bicarbonate, sodium polyphosphate, sodium 
pyrophosphate, potassium metaphosphate, magnesium oxide, 
magnesium hydroxide, magnesium carbonate, magnesium silicate or 
calcium carbonate; 

(14) the enteric pharmaceutical composition as set forth in item 
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11, wherein the amino acid, acid salt of an amino acid or 
alkali salt of an amino acid is glycine, L-alanine, DL-alanine 
or sodium L-glutamate; and the buffer is disodium 
hydrogenphosphate. 

The 2-[ (2-pyr idyl )methylsulf inyl ] benzimidazole compounds 
having antiulcer activity and being unstable to acid to be used 
in this invention are described more specifically in the 
aforementioned publications. Exemplified are 5-methoxy-2-[ [ (4- 
methoxy-3, 5-dimethyl-2-pyridyl )methyl ]sulf inyl ]-lH- 
benzimidazole (omeprazole) , 2-[ [ (3-methyl-4- (2, 2, 2- 
tr if luoroethoxy-2-pyr idyl ] methyl ]-sulf inyl- lH-benz imidazole 
( lansoprazole), 2-[ [ 4- (3-methoxypropoxy )-3-methyl -2-pyr idyl ]- 
methyl sulf inyl ]-lH-benz imidazole, 2-[ (3, 5-di methyl -4-methoxy-2- 
pyridyl )methylsulf inyl ]-lH-benzimidazole, 6-methyl-2-[ (3- 
methyl-2-pyr idyl )-methylsulf inyl ]-lH-benzimidazole-5-methyl 
carboxylate, 5-methyl-2-[ (3, 5-di methyl -2-pyr idyl )- 
methyl sulf inyl ]-lH-benz imidazole, 2-[ (4-methoxy-2-pyr idyl )- 
methylsulf inyl )-5-trif luoromethyl-lH-benzimidazole, 2-[ (4- 
methoxy-3-methyl -2-pyr idyl )methy 1 sulf inyl ]-5-tri f luoromethyl - 
lH-benz imidazole, 2-[ (5-ethyl-4-phenoxy- 2-pyr idyl ) - 
methylsulf inyl ]-5-methoxy-lH-benz imidazole, 5-methoxy-2-[ (4- 
phenoxy-2-pyridyl ) methyl sulf inyl ]-lH-benzimidazole, 2-[ (3- 
methyl -4- ( 2-(N-benzyl-N-methylamino)ethoxy)-2~pyridyl )- 
methylsulf inyl ]-lH-benz imidazole, 2-[ (3-methyl-4-( 2- 
morphol inoethoxy ) -2-pyr idyl ) methyl sulf inyl ]-lH-benz imidazole or 
2-[ (3-methyl-4-(2-(l, 2,3, 4-tetrahydroi soquinol ine-2-yl )ethoxy)- 
2-pyridyl ) methyl sulf inyl ]-lH-benz imidazole. The aforementioned 
compound as an active component is contained in the core 
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portion in the range of 1 - 50 mg, preferably 5-30 mg. 

The pharmaceutical preparations as mentioned in 2, 3, 4 
above will be described below in more detail: 

The amount of the aluminum hydroxide • sodium bicarbonate 
coprecipiate to be incorporated for the core portion is 
preferably in the range of 0.01 to 1 part by weight based on 1 
part by weight of the benzimidazole compound, but is not limited 
to this range. The above-mentioned stabilizer may contain 
further additives used generally in the preparation of 
pharmaceutical preparations, such as a vehicle, e.g. lactose, 
mannitol, corn starch, microcrystal 1 ine cellulose, a binder, 
e.g. hydroxypropylcel lulose, a disintegrating agent, e.g. low 
substituted hydroxypropylcel lulose, sodium carboxymethylstarch 

(tradename of Explotab by Kimura Sangyo), calcium 
carboxymethylcel lulose, a surfactant, e.g. sodium 
laurylsulf ate, Tween 80 (tradename), a lubricant, e.g. 
magnesium stearate, talc, etc. 

In accordance with this invention, the core portion can be 
obtained by admixing homogeneously a benzimidazole compound, 
aluminum hydroxide • sodium bicarbonate coprecipi tate as a 
stabilizer and, whenever necessary, additives as mentioned 
above. In admixing, for example, to a mixture of the 
benzimidazole compound and the stabilizer may be added the 
additives, or to a mixture of the benzimidazole compound and the 
additives may be added the stabilizer. The mixture thus 
obtained is made into powders according to wet granulating 
method, and then tableted to give core tablets. Alternatively, 
the mixture is wet kneaded, subsequently granulated with an 
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extrusion-granulator , and then made into core granules with the 
aid of Marumerizer (ex Fuji Powdal Co.). This mixing method and 
method of producing tablets and granules are applicable also to 
the preparations 5-14 which will be described hereinafter. 

The pharmaceutical preparations as mentioned in 5, 6, 7 
above will be described below: 

The amount of the aluminum hydroxide ■ sodium bicarbonate 
coprecipi tate to be incorporated for the core portion is 
preferably in the range of 0.01 to 0.5 part by weight based on 1 
part by weight of the benzimidazole compound, but is not 
limited to this range. The above-mentioned stabilizer may 
contain further additives used generally in the preparation of 
pharmaceutical preparations, such as a vehicle, e.g. lactose, 
mannitol, corn starch, microcrystal 1 ine cellulose, a binder, 
e.g. hydroxypropylcellulose, a disintegrating agent, e.g. low 
substituted hydroxypropylcellulose, sodium carboxymethylstarch 
(tradename of Exprotab by Kimura Sangyo), calcium 
carboxymethylcel lulose, a surfactant, e.g. sodium laurylsulf ate, 
Tween 80 (tradename), a lubricant, e.g. magnesium stearate, 
talc, etc. A preferred disintegrating agent is sodium 
carboxymethylstarch. 

In case where the stabilization of the benzimidazole 
compound is insufficient, depending upon the effects of solution 
property (pH) of the benzimidazole compound or various 
additives for pharmaceutical preparations such as vehicle, 
binder, lubricant, etc., the aluminum hydroxide* sodium 
bicarbonate coprecipi tate can be used in admixture with an 
water-soluble buffer agent thereby to enhance its stability. 
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The buffer means a substance added to the coprecipi tate to 
control its pH to 8-9 (weak alkali) and includes, for example, 
sodium tartarate, sodium acetate, sodium bicarbonate, sodium 
carbonate, sodium polyphosphate, potassium polyphosphate, 
dipotassium hydrogenphosphate, sodium pyrophosphate, potassium 
pyrophosphate, disodium hydrogenphosphate, trisodium phosphate 
or tripotassium phosphate. The amount of the buffer agent to 
be added is preferably in the range of 0.01 to 2 parts by 
weight per 1 part by weight of the benzimidazole compound, but 
is not limited to this range. 

The pharmaceutical preparations as mentioned in 8, 9, 10 
above will be described below in more detail: 

The buffer to be used in the preparations includes, for 
example, sodium tartarate, sodium acetate, sodium bicarbonate, 
sodium carbonate, sodium polyphosphate, dipotassium 
hydrogenphosphate, sodium pyrophosphate, disodium 
hydrogenphosphate, trisodium phosphate or tr ipotassi ium 
phosphate, among which disodium hydrogenphosphate is preferred. 

The amounts of aluminum glycinate and the buffer are 
preferably in the range of 0.01 — 2 parts by weight and 0.01~2 
parts by weight, respectively, based on 1 part by weight of the 
benzimidazole compound. 

The stabi 1 izer in this invention may be used together with 
pharmaceutical ly acceptable additives, for example, an excipient 
such as lactose, mannitol, cornstarch, crystalline cellulose, 
etc.; a binder such as hydroxypropylcel lulose, etc.; a 
disintegrator, e.g. low substituted hydroxypropylcel lulose, 
sodium carboxymethylstarch (tradename: Explotab by Kimura Sangyo 
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Co.), calcium carboxymethy Icel lulose, a -starch, etc.; a 
surfactant, e.g. sodium laurylsulf ate, Tween 80 (tradename), 
etc. ; a lubricant such as magnesium stearate, talc, etc. 

The pharmaceutical preparations as mentioned in 11, 12, 13, 
14 above will be described below: 

The amino acid, acid salt of an amino acid, or alkali salt 
of an amino acid in this invention include, for example, 
glycine, glycine hydrochloride, L-alanine, DL-alanine, L- 
threonine, DL-threonine, L-isoleucine, L-valine, L- 
phenylalanine, L-glutamic acid, L-glutamic acid hydrochloride, 
sodium L-glutamate, L-asparagic acid, sodium L-asparagate, L- 
lysine or L-lysine-L-glutamate alone or in admixture thereof. 
Of these compounds, glycine, glycine hydrochloride, L-alanine, 
DL-alanine or sodium L-glutamate are preferred. 

The buffer here means a substance added to the amino acid, 
etc. to control its pH to 8~9 (weak alkali) and includes, for 
example, an alkaline metal salt of phosphoric acid (disodium 
hydrogenphosphate, dipotassium hydrogenphosphate, trisodium 
phosphate, tripotassium phosphate, sodium dihydrogenphosphate, 
potassium dihydrogenophosphate, etc.), sodium tartarate, sodium 
acetate, sodium carbonate, sodium bicarbonate, sodium 
polyphosphate, sodium pyrophosphate, potassium metaphosphate, 
magnesium oxide, magnesium hydroxide, magnesium carbonate, 
magnesium silicate or calcium carbonate. Most preferred is 
disodium hydrogenphosphate. The amounts of the amino acid or 
the like and the buffer to be incorporated are preferably in 
the range of 0.01 ~2 parts by weight and 0.01~2 parts by 
weight, respectively, based on 1 part by weight of the 
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benzimidazole compound, but are not limited thereto. 

The stabilizer in this invention may be used together with 
pharmaceutical ly acceptable additives, for example, an excipient 
such as mannitol, cornstarch, crystalline cellulose, etc.; a 
binder such as hydroxypropylcel lulose, etc.; a disintegrator, 
e.g. low substituted hydroxypropylcel lulose, sodium 
carboxymethylstarch (tradename: Exprotab by Kimura Sangyo Co.), 
calcium carboxymethylcel lulose, etc.; a surfactant, e.g. sodium 
laurylsulf ate, Tween 80 (tradename), etc.; a lubricant such as 
magnesium stearate, talc, etc. 

Onto the core portion (core tablets, core granules) formed 
in this manner is covered the undercoating of one or two layers, 
which may contain aluminum hydroxide • sodium bicarbonate 
coprecipi tate or the coprecipi tate and buffer, aluminum 
glycinate and buffer, etc. as a stabilizer. The undercoating 
agent includes polymers, preferably, pharmaceutical ly 
acceptable water-soluble polymers selected from 
hydroxypropyl methyl eel lulose, hydroxypropylcel lulose, polyvinylp 
yrrolidone, gelatine, etc., or saccharides such as purified 
sucrose, mannitol, lactose, etc. Further, additives such as 
talc, titanium oxide, light silicic acid anhydride may be 
added. 

The undercoating is preferably composed of two layers. The 
one undercoating layer on the core portion side comprises 
aluminum hydroxide- sodium bicarbonate coprecipi tate, a 
polymer or saccharide and additives such as talc, whereas the 
other undercoating layer on the enteric coating side comprises a 
polymer or saccharide and, whenever necessary, addiitives such 
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as talc. The amount of the stabilizer to be incorporated in the 
undercoating is preferably in the range of 0.01 to 10 parts by 
weight based on 100 parts by weight of the core portion, but is 
not limited to the range. 

The intermediate product thus obtained can be covered with 
an enteric coating to give an enteric pharmaceutical 
preparation. As the enteric coating there may be mentioned 
cellulose acetate phthalate, hydroxypropylmethylcel lulose 
phthalate, hydroxymethylcel lulose acetate succinate, 
methacrylic acid/acrylic acid copolymer (tradename : Eudragit), 
etc., and a plasticizer and a pigment may also be incorporated. 

As described above, in the 3-coat pharmaceutical 
preparation comprising the core portion, undercoating and 
enteric coating, it is essential to incorporate a stabilizer, 
namely aluminum hydroxide* sodium bicarbonate coprecipi tate, 
etc. for the core portion and/or the undercoating. If any of 
the requisites is lacking, the intended preparation cannot be 
obtained. In the pharmaceutical preparations according to 
Japanese Patent First Publication 258320/1987, if magnesium 
hydroxide added to the core portion is incorporated also in the 
undercoating, the enteric coating will be affected adversely 
thereby. In order to avoid it, in a best preparation of them, a 
synthetic hydrotalcite is therefore used for the undercoating. 

In contrast, according to this invention, a stabilizer such as 
aluminum hydroxide* sodium bicarbonate coprecipi tate added to 
the core portion is also incorporated in the undercoating. 
Thereby, the film formability of the undercoating agent (e.g. 
hydroxypropylmethylcel lulose) is good as compared with that of 
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the undercoat ing containing synthetic talcite. By the 
incorporation of a stabilizer such as aluminum hydroxide- sodium 
bicarbonate coprecipi tate and talc in the undercoat ing, slip of 
the undercoating during its manufacture is improved and impact 
during the manufacture is minimized, whereby the occurrence of 
deficiency of the film is impeded and no rejects of browned 
tablets are produced accordingly. 

It is thus possible to obtain dosage forms suitable for 
oral administration, namely enteric tablets, granules and 
capsules encapsulating therein granules. The pharmaceutical 
preparations in the dosage forms thus obtained have the 
following characteristics: 

(1) Even if they are stored under severe conditions for a long 
period of time, there are seen no impairement in appearance and 
little decrease in content. 

(2) Under humidif ication at high temperature, the disintegration 
property is good and dissolution property is not impared. 

(3) The film formability of the undercoating is superior. 
Consequently, reject products in the manufacturing process are 
decreased, leading to curtailment of cost. 

(4) It is possible to simplify the package of products. A 
longer stability after seal-opening in pharmacys or else can be 
ensured. 

The pharmaceutical preparations of this invention have good 
gastric antisecretory activity and antiulcer activity, so that 
they can be used for the treatment of ulcers of digestive 
organs, etc. in mammals inclusive of the human. 

[Brief Description of Drawings] 
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Fig. 1 is a graphical representation showing the profile of 
dissolution of omeprazole tablets obtained in Reference Example 
l-l; 

Fig. 2 is a graphical representation showing the profile of 
dissolution of omeprazole tablets of this invention obtained in 
Example 1-2; 

Fig. 3 is another graphical representation showing the 
profile of dissolution of omeprazole tablets obtained in 
Reference Example 1-1; 

Fig. 4 is another graphical representation showing the 
profile of dissolution of omeprazole tablets of this invention 
obtained in Example 1-2; 

Fig. 5 is a graphical representation showing appearance 
change of Samples 4, 5, 6 and 7 in Experimental Example 1-4, 
when preserved, in terms of A E value. 

Fig. 6 is a graphical representation showing the profile of 
dissolution of omeprazole tablets of this invention obtained in 
Example 2-2; 

Fig. 7 is another graphical representation showing the 
profile of dissolution of omeprazole tablets of this invention 
obtained in Example 2-2; 

[Best Mode for Carrying out the Invention] 

The invention will be hereinbelow described in more detail 
by way of reference examples, examples and experimental 
examples, but should not be construed as limiting to them. 
Reference Example 1-1 

Enteric tablets were produced by using magnesium hydroxide 
as a stabilizer for the core portion and synthetic hydrotalcite 
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as a stabilizer for the undercoating in accordance with the 
method of Japanese Patent First Publication 258320/1987 as 
fol lows: 

Tablets (135 mg) containing 20 mg of omeprazole and 
magnesium hydroxide were formed by means of a rotary tableting 
machine. The core tablets thus obtained were applied with an 
undercoating of hydroxypropylmethy 1 cellulose containing 0.3 mg 
of synthetic talcite to form a first undercoating layer and 
further applied with an undercoating solution of 
hydroxypropylmethyl cellulose to form a second undercoating 
layer. Then an enteric coating solution containing 
hydroxypropylmethyl cellulose phthalate was applied onto the 
second undercoating layer to give enteric tablets. 
Example 1-1 

The composition given below was placed into a kneader to 
mix it for about 20 minutes and kneaded with an adequate amount 
of purified water. The mixture was extruded, granulated with a 
granulating machine (screen diameter of 1.0 mm) and made into 
spherical granules with Marumerizer (ex Fuji Powdal). The 
granules were dried in a fluidized bed drier at an air supply 
temperature of 50 °C for 30 minutes and passed through a sieve 



to give core granules of 14 to 24 meshes. 

Omeprazole 5. 0 mg 

Aluminum hydroxide • sodium 

bicarbonate coprecipi tate 5.0 mg 

Crystalline cellulose 4.0 mg 

Low substituted hydroxypropylcel lulose 4.0 mg 

Hydroxypropylcel lulose 0.5 mg 

Mann i to 1 56. 5 mg 



1 8 



WO 94/02140 PCT/JP93/00920 

Total 75.0 mg 

The core granules were applied with coatings given below 
to give enteric granules. The first and second undercoat ings 
were applied in a fluidized spray drier (manufactured by 
Ohkawara Co.) at an air supply temperature of 75°C and an 
exhaust temperature of 45°C whereas the enteric coating was 
applied at an air supply temperature of 65°C and an exhaust 
temperature of 40°C - 

Core granules 75. 0 mg 

Undercoating 1 

Hydroxypropylmethylcel lulose 3.5 mg 

Aluminum hydroxide • sodium 

bicarbonate coprecipi tate 1.5 mg 

Talc 0.5 mg 

Purified water (64.5 mg) 

Total 5.5 mg 

Undercoating 2 

Hydroxypropylmethylcellulose 3.5 mg 

Titanium oxide 2.5 mg 

Talc 0.5 mg 

Purified water (64.5 mg) 

Total 6. 5 mg 

Enteric coating 

Hydroxypropylmethylcellulose phthalate 10.7 mg 

Cetanol 0. 5 mg 

Talc 1.8 mg 

Methylene chloride (33.0 mg) 

Ethanol (86.0 mg) 

Purified water (33. 0 mg) 
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Total 13. 0 mg 

Example 1-2 

Omeprazole, aluminum hydroxide* sodium bicarbonate 
coprecipi tate, lactose, sodium carboxymethylstarch, sodium 
laurylsulf ate and hydroxypropylmethyl cellulose in respective 
amounts given below were mixed homogeneously, kneaded with an 
adequate amount of purified water and dried in a fluidized bed 
drier at an air supply temperature of 50°C for 30 minutes. 
After granulating, the granules were passed through a screen of 
24 meshes and mixed with magnesium stearate. The mixture was 
tableted with a rotary tableting machine to give tablets (core 
tablets) each of 135 mg. 



Omeprazole 


20. 0 


mg 


Aluminum hydroxide • sodium 
bicarbonate coprecipitate 


15.0 


mg 


Lactose 


91. 2 


mg 


Sodium carboxymethylstarch 


7. 5 


mg 


Sodium laurylsulfate 


0.3 


mg 


Hydroxypropylmethylcel lulose 


0. 5 


mg 


Magnesium stearate 


0.5 


mg 


Total 


135. 0 


mg 



To the core tablets are applied coatings as given below to 
give enteric tablets. The first and second undercoat ings were 
applied with Highcoater (by Freund Sangyo) at an air supply 
temperature of 70°C and an exhaust temperature of 40°C at a 
pan revolution number of 15 rpm. The enteric coating was 
applied at an air supply temperature of 55°C and an exhaust 
temperature of 37°C. 

Core tablets 135.0 mg 
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Undercoat ing 1 

Hydroxypropylmethylcel lulose 1-2 mg 

Aluminum hydroxide • sodium 

bicarbonate coprecipi tate 0.3 mg 

Talc 0. 1 mg 

Purified water (23.0 mg) 

Total 1.6 mg 

Undercoating 2 

Hydroxypropylmethylcellulose 3.1 mg 

Titanium oxide 1. 0 mg 

Talc 0. 1 mg 

Purified water (56.0 mg) 

Total 4.2 mg 
Enteric coating 

Hydroxypropylmethylcellulose phthalate 2.9 mg 

Cetanol 0.1 mg 

Talc 0.2 mg 

Ethanol (35.0 mg) 

Purified water (10.0 mg) 

Total 3.2 mg 

Aggregate 144.0 mg 
Experimental Example 1-1 

With the enteric tablets obtained in Reference Example 1-1 
and Example 1-2 of this invention, preparation characteristics 
and preservation stability were examined and yielded the 
results that there were seen no differences between the both as 
shown in Tables 1-1 and 1-2. 
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Table 1-1 Preparation Characteristics 



Reference Example 1-1 Example 1-2 



Weight (mg) 143.0 144.0 

Diameter (mm) 7. 13 7. 13 

Thickness (mm) 3.23 3.24 

Hardness (kp) 13. 0 14. 0 

Disintegration (The Pharmacopeia of Japan, 12 Ed.) 
The 1st fluid 

(Durability after 2 hr. ) Compliance Compliance 

The 2nd fluid 4. 7 min 5. 8 min 

Dissolution (the 2nd fluid, paddle method, 100 rpm) 
10 min. 89.3% 96% 

20 min. 100.4% 100. 3% 

Stability against of the 1st fluid (the 1st fluid, paddle 
method, 100 rpm) 

Residue rate of active 
ingredient after 2 hr. 99. 8% 99.8% 



Table 1-2 Stability 

Preservation Conditions Reference Example 1-1 Example 1-2 
Appearance Content (%) Appearance Content (%) 



Initial 




white 


99.7 


white 


99. 


7 


40°C, 


one month 


white 


99.3 


white 


99. 


6 


40°C , 


two months 


wh i te 


100.0 


white 


99. 


5 


60°C , 


two weeks 


white 


99.3 


white 


99. 


5 


60°C , 


one month 


white 


99.5 


white 


99. 


2 


40°C , 75%RH, two weeks 


white 


99.3 


white 


99. 


5 


40°C , 75%RH, one month 


white 


99.3 


white 


99. 


3 
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Experimental Example 1-2 

Enteric tablets of omeprazole obtained in Reference Example 
1-1 and Example 1-2 were preserved for two weeks under 
conditions of 25°c,85% relative humidity and 40°C , 82% relative 
humidity and thereafter, dissolution test was carried out to 
determine dissolution rate in the 2nd fluid (pH : ca. 6.8) 
according to The Japan Pharmacopoeia. The results obtained are 
shown in Fig. 1 to Fig. 4. 

As will be apparent from Fig. 1 and Fig. 3, significant 
deterioration in dissolution was observed with the enteric 
tablets in Reference Example 1-1 under reservation at 25°c> 85% 
RH (Fig. 1) and at 40°C, 82% RH (Fig. 3). On the other hand, it 
is evident from Fig. 2 and Fig. 4 that no reduction in 
dissolution was observed with the enteric tablets of Example 1- 
2 even after storage of two weeks at 25°C, 85% RH (Fig. 2) and 
at 40°C, 82% RH (Fig. 4) 
Example 1-3 

Enteric tablets of omeprazole comprising the following 
compositions are produced according to the method of Example 1- 
2. 

Core tablets 

Omeprazole 20. 0 mg 

Aluminum hydroxide • sodium 

bicarbonate coprecipi tate 0.5 mg 

Lactose 101.0 mg 

Sodium carboxymethylstarch 7.5 mg 

Sodium laurylsulf ate 0.2 mg 

Hydroxypropylmethylcellulose 0.3 mg 

Magnesium stearate 0.5 mg 
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Total 130. 0 mg 

Undercoat ing 1 

Hydroxypropylmethylcel lulose 1.1 mg 

Aluminum hydroxide • sodium 

bicarbonate coprecipi tate 0.2 mg 

Talc 0. 1 mg 

Purified water (20.0 mg) 

Total 1. 4 mg 

Undercoating 2 

Hydroxypropylmethylcel lulose 3.0 mg 

Titanium oxide 0.5 mg 

Talc 0. 1 mg 

Purified water (45.0 mg) 

Total 3. 6 mg 

Enteric coating 

Hydroxypropylmethylcel lulose phthalate 2.7 mg 

Cetanol 0. 1 mg 

Talc 0. 2 mg 

Ethanol (30. 0 mg) 

Purified water ( 8. 5 mg) 

Total 3. 0 mg 

Aggregate 138. 0 mg 

Example 1-4 

Enteric tablets of omeprazole comprising the compositions 
given below are produced according to the method of Example 1- 
2. 

Core tablets 

Omeprazole 20. 0 mg 
Aluminum hydroxide • sodium 
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bicarbonate coprecipi tate 

Lactose 

Sodium carboxymethylstarch 
Sodium laurylsulfate 
Hydroxypropylmethylcel lulose 
Magnesium stearate 
Total 

Undercoating 1 

Hydroxypropylmethylcel lulose 

Aluminum hydroxide • sodium 

bicarbonate coprecipi tate 

Talc 

Purified water 
Total 

Undercoating 2 

Hydroxypropylmethylcel lulose 

Titanium oxide 

Talc 

Purified water 
Total 

Enteric coating 

Hydroxypropylmethylcel lulose ph thai ate 

Cetanol 

Talc 

Ethanol 

Purified water 
Total 
Aggregate 

Example 1-5 
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1.0 mg 
100. 5 mg 
7. 5 mg 
0. 2 mg 
0. 3 mg 

0. 5 mg 
130. 0 mg 

1. 0 mg 

0. 3 mg 

0. 2 mg 
(20.0 mg) 

1. 5 mg 

2. 9 mg 
0. 5 mg 
0. 1 mg 

(45.0 mg) 
3.5 mg 

2.7 mg 

0. 1 mg 

0.2 mg 

(30.0 mg) 

( 8.5 mg) 

3. 0 mg 
138.0 mg 
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Enteric preparation having the compositions given below is 
produced according to the method of Example 1-2. 
Core tablets 

Omeprazole 20. 0 mg 

Aluminum hydroxide • sodium 

bicarbonate coprecipi tate 2.5 mg 

Lactose 103. 8 mg 

Sodium carboxymethylstarch 7.5 mg 

Sodium laurylsulf ate 0.3 mg 

Hydroxypropylmethylcel lulose 0.4 mg 

Magnesium stearate 0.5 mg 

Total 135.0 mg 

Undercoat ing 1 

Hydroxypropylmethylcellulose 1.2 mg 

Aluminum hydroxide • sodium 

bicarbonate coprecipi tate 0.3 mg 

Talc 0. 1 mg 

Purified water (23.0 mg) 

Total 1.6 mg 

Undercoat ing 2 

Hydroxypropylmethylcellulose 3.1 mg 

Titanium oxide t 1.0 mg 

Talc 0. 1 mg 

Purified water (45.0 mg) 

Total 4. 2 mg 

Enteric coating 

Hydroxypropylmethylcellulose phthalate 2.9 mg 

Cetanol 0. 1 mg 

Talc 0. 2 mg 
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Ethanol (30.0 mg) 

Purified water ( 8. 5 mg) 

Total 3.2 mg 

Aggregate 144.0 mg 

Example 1-6 

Enteric preparation of omeprazole having the compositions 
given below is produced according to the method of Example 2. 
Core tablets 

Omeprazole 20.0 mg 

Aluminum hydroxide • sodium 

bicarbonate coprecipi tate 2.5 mg 

Lactose 103. 7 mg 

Sodium carboxymethylstarch 7.5 mg 

Sodium laurylsulf ate 0.3 mg 

Hydroxypropylmethylcellulose 0.5 mg 

Magnesium stearate 0.5 mg 

Total 135.0 mg 

Undercoat ing 1 

Hydroxypropylmethylcellulose 1.2 mg 

Aluminum hydroxide- sodium 

bicarbonate coprecipi tate 0.3 mg 

Talc 0. 1 mg 

Purified water (20.0 mg) 

Total 1.6 mg 

Undercoat ing 2 

Hydroxypropylmethylcellulose 4.65mg 

Titanium oxide 1.5 mg 

Talc 0.15mg 

Purified water (45.0 mg) 
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Total 6.3 mg 

Enteric coating 

Hydroxypropylmethylcel lulose phthalate 2.9 mg 

Cetanol 0. 1 mg 

Talc 0. 2 mg 

Ethanol (30. 0 mg) 

Purified water ( 8.5 mg) 

Total 3. 2 mg 

Aggregate 146. 1 mg 

Example 1-7 

Enteric preparation of omeprazole having the compositions 

given below is produced according to the method of Example 1-2. 
Core tablets 

Omeprazole 20. 0 mg 

Aluminum hydroxide* sodium 

bicarbonate coprecipi tate 5.0 mg 

Lactose 101. 3 mg 

Sodium carboxymethylstarch 7.5 mg 

Sodium laurylsulf ate 0.3 mg 

Hydroxypropylmethylcel lulose 0.4 mg 

Magnesium stearate 0.5 mg 

Total 135. 0 mg 

Undercoat ing 1 

Hydroxypropylmethylcel lulose 1.0 mg 

Aluminum hydroxide * sodium 

bicarbonate coprecipi tate 0.6 mg 

Talc 0. 2 mg 

Purified water (20. 0 mg) 

Total 1. 8 mg 
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Undercoating 2 

Hydroxypropylmethylcel lulose 3.0 mg 

Titanium oxide 1. 5 mg 

Talc 0. 2 mg 

Purified water (45.0 mg) 

Total 4.7 mg 

Enteric coating 

Hydroxypropylmethylcel lulose phthalate 3.0 mg 

Cetanol 0. 2 mg 

Talc 0.3 mg 

Ethanol (30. 0 mg) 

Purified water ( 8.5 mg) 

Total 3.5 mg 

Aggregate 145.0 mg 

With the preparations of Examples 1-3 to 1-7, there was 

observed little change in appearance with the lapse of time. 

Experimental Example 1-3 

Enteric preparation of omeprazole having the compositions 

below is produced according to the method of Example 1-2. 

(Sample 1) 

Core tablets 



Omeprazole 


20. 0 


mg 


Aluminum hydroxide • sodium 

bicarbonate coprecipitate 


2. 5 


mg 


Lactose 


103. 8 


mg 


Sodium carboxymethylstarch 


7. 5 


mg 


Sodium laurylsulf ate 


0.3 


mg 


Hydroxypropylmethylcel lulose 


0. 4 


mg 


Magnesium stearate 


0.5 


mg 
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Total 135. 0 mg 

Undercoat ing 1 

Hydroxypropylmethylcel lulose 1.0 mg 
Aluminum hydroxide • sodium 

bicarbonate coprecipi tate 0.3 mg 

Talc 0. 2 mg 

Purified water (20.0 mg) 

Total 1. 5 mg 

Undercoat ing 2 

Hydroxypropylmethylcel lulose 2.9 mg 

Talc 0. 1 mg 

Purified water (45.0 mg) 

Total 3. 0 mg 

Enteric coating 

Hydroxypropylmethylcel lulose phthalate 2.7 mg 

Cetanol 0. 1 mg 

Talc 0. 2 mg 

Ethanol (30. 0 mg) 

Purified water ( 8.5 mg) 

Total 3.0 mg 

Aggregate 142. 5 mg 



Enteric preparation of omeprazole having the compositions 
given below is produced according to the method of Example 1-2. 
(Sample 2) 
Core tablets 

Omeprazole 20. 0 mg 

Aluminum hydroxide* sodium 

bicarbonate coprecipi tate 2.5 mg 

Lactose 103. 8 mg 
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Sodium carboxymethylstarch 7.5 mg 

Sodium laurylsulf ate 0.3 mg 

Hydroxypropylmethylcel lulose 0.4 mg 

Magnesium stearate 0.5 mg 

Total 135. 0 mg 

Undercoating 1 

Hydroxypropylmethylcel lulose 1.0 mg 

Aluminum hydroxide* sodium 

bicarbonate coprecipi tate 0.6 mg 

Talc 0.2 mg 

Purified water (20.0 mg) 

Total 1. 8 mg 

Undercoating 2 

Hydroxypropylmethylcellulose 2.6 mg 

Talc 0. 1 mg 

Purified water (45.0 mg) 

Total 2.7 mg 

Enteric coating 

Hydroxypropylmethylcellulose phthalate 2.7 mg 

Cetanol 0. 1 mg 

Talc 0. 2 mg 

Ethanol (30.0 mg) 

Purified water ( 8.5 mg) 

Total 3.0 mg 

Aggregate 142. 5 mg 



Enteric preparation of omeprazole having the compositions 
given below is produced according to the method of Example 1-2. 
(Sample 3) 
Core tablets 
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Omeprazole 20. 0 mg 

Aluminum hydroxide' sodium 2.5 mg 
bicarbonate coprecipi tate 

Lactose 103. 8 mg 

Sodium carboxymethylstarch 7.5 mg 

Sodium laurylsulfate 0.3 mg 

Hydroxypropylmethylcel lulose 0.4 mg 

Magnesium stearate 0.5 mg 

Total 135.0 mg 

Undercoating 1 

Hydroxypropylmethylcel lulose 1.0 mg 

Synthetic hydrotalcite 0.3 mg 

Talc 0. 2 mg 

Purified water (20.0 mg) 

Total 1. 5 mg 

Undercoating 2 

Hydroxypropylmethylcel lulose 2.9 mg 

Talc 0. 1 mg 

Purified water (45.0 mg) 

Total 3.0 mg 

Enteric coating 

Hydroxypropylmethylcel lulose phthalate 2.7 mg 

Cetanol 0. 1 mg 

Talc 0.2 mg 

Ethanol (3.0 mg) 

Purified water ( 8.5 mg) 

Total 3.0 mg 

142.5 mg 

The preparations of Sample 1 to Sample 3 were preserved for 
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2 weeks and 1 month under the conditions of 40°C> 82% RH, and 
thereafter, change in appearance of them was measured with a 
colorimeter to determine AE values of them. The results 
obtained are shown in Table 1-3. 

Table 1-3 

Preparation 40°C , 82% RH 

A E af ter 2 weeks A E after 1 month 

2.3 5.5 

2.4 5.9 
3.9 7.7 



Sample 1 
Sample 2 
Sample 3 



The preparations (Samples 1, 2) incorporating aluminum 
hydroxide^sodium bicarbonate coprecipi tate in Undercoat ing 1 
were more stable than the preparation (Sample 3) incorporating 
synthetic talcite in Undercoating 1. 
Reference Example 1-2 

Enteric tablets of lansoprazole of the following 
composition are produced according to the method of Reference 



Example 1-1. 
Core tablets 

Lansoprazole 20.0 mg 

Magnesium hydroxide 10.0 mg 

Lactose 73.5 mg 

Sodium carboxymethylstarch 5.0 mg 

Sodium laurylsulf ate 0.2 mg 

Hydroxypropylcel lulose 0.8 mg 

Magnesium stearate 0.5 mg 

Total 110.0 mg 
Undercoating 1 
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Hydroxypropylmethylcel lulose 1.0 mg 

Synthetic hydrotalci te 0.2 mg 

Talc 0. 1 mg 

Purified water (20.0 mg) 

Total 1.3 mg 
Undercoat ing 2 

Hydroxypropylmethylcel lulose 2.6 mg 

Titanium oxide 0. 8 mg 

Talc 0. 1 mg 

Purified water (45.0 mg) 

Total 3. 5 mg 
Enteric coating 

Hydroxypropylmethylcel lulose phthalate 2.5 mg 

Cetanol 0. 1 mg 

Talc 0. 1 mg 

Ethanol (30.0 mg) 

Purified water ( 8.5 mg) 

Total 2. 7 mg 

Aggregate 117. 5 mg 
Reference Example 1-3 



Enteric tablets of 2-[ (3, 5-dimethyl-4-methoxy-2-pyridyl )- 
methylsulf inyl ]-lH-benzimidazol (designated as Compound 1) 
comprising the following compositions are produced according to 
the method of Reference Example 1-1. 
Core tablets 

Compound 1 20.0 mg 

Magnesium hydroxide 20.0 mg 

Lactose 31.0 mg 
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Low substituted hydroxypropylcel lulose 8.0 mg 

Hydroxypropylmethylcel lulose 0.7 mg 

Magnesium stearate 0.3 mg 

Total 80.0 mg 
Undercoating 1 

Hydroxypropylmethylcellulose 0.8 mg 

Synthetic hydrotalcite 0.15mg 

Talc 0.05mg 

Purified water (20.0 mg) 

Total 1.0 mg 
Undercoating 2 

Hydroxypropylmethylcellulose 2.4 mg 

Talc 0. 1 mg 

Purified water (45.0 mg) 

Total 2.5 mg 
Enteric coating 

Hydroxypropylmethylcellulose 2.0 mg 

Cetanol 0. 8 mg 

Talc 0.7 mg 

Ethanol (30.0 mg) 

Purified water ( 8. 5 mg) 

Total 3. 5 mg 

Aggregate 87. 0 mg 



Enteric tablets are produced similarly by using 2-[(4-(3- 
methoxypropoxy ) -3-me thy 1-2 -pyr idyl Jmethylsulf inyl ]-lH- 
benzimidazole (designated as Compound 2) instead of Compound 1. 
Example 1-8. 

Enteric tablets of lansoprazole having the compositions 
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below are produced according to the method of Example 1-2. 
Core portion 

Lansoprazole 20.0 mg 

Aluminum hydroxide-sodium 10.0 mg 
bicarbonate coprecipi tate 

Lactose 73.5 mg 

Sodium carboxymethylstarch 5.0 mg 

Sodium laurylsulfate 0.2 mg 

Hydroxypropylmethylcellulose 0.8 mg 

Magnesium stearate 0.5 mg 

Total 110.0 mg 

Undercoating 1 

Hydroxypropylmethylcellulose 1.0 mg 

Aluminum hydroxide*sodium 0.2 mg 
bicarbonate coprecipi tate 

Talc 0. 1 mg 

Purified water (20.0 mg) 

Total 1.3 mg 

Undercoating 2 

Hydroxypropylmethylcellulose 2.6 mg 

Titanium oxide 0. 8 mg 

Talc 0. 1 mg 

Purified water (45.0 mg) 

Total 3.5 mg 

Enteric coating 

Hydroxypropylmethylcellulose phthalate 2.5 mg 

Cetanol 0. 1 mg 

Talc 0. 1 mg 

Ethanol (30.0 mg) 
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Purified water ( 8.5 mg) 

Total 2.7 mg 

Aggregate 117.5 mg 
Experimental Example 1-4 

Enteric preparation of lansoprazole having the compositions 
given below is produced according to the method of Example 1-2. 
(Sample 4) 
Core tablets 

Lansoprazole 20.0 mg 

Lactose 106.0 mg 

Sodium carboxymethylstarch 7.5 mg 

Hydroxypropylmethylcel lulose 1.0 mg 

Magnesium stearate 0.5 mg 

Total 135.0 mg 

Undercoating 1 

Hydroxypropylmethylcel lulose 1.0 mg 

Aluminum hydroxide-sodium 0.2 mg 
bicarbonate coprecipi tate 

Talc 0. 1 mg 

Purified water (20.0 mg) 

Total 1.3 mg 

Undercoating 2 

Hydroxypropylmethylcel lulose 2.6 mg 

Talc 0. 1 mg 

Purified water (45.0 mg) 

Total 2.7 mg 

Enteric coating 

Hydroxypropylmethylcel lulose phthalate 2.5 mg 

Cetanol 0. 1 mg 
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Talc 0- 1 m S 

Ethanol (30.0 mg) 

Purified water ( 8. 5 mg) 

Total 2.7 mg 

Aggregate 141.7 mg 
Enteric preparation of lansoprazole having the compositions 
given below is produced according to the method of Example 1-2. 
(Sample 5) 
Core tablets 

Lansoprazole 20.0 mg 

Aluminum hydroxide»sodium 1.0 mg 
bicarbonate coprecipi tate 

Lactose 105.0 mg 

Sodium carboxymethylstarch 7.5 mg 

Hydroxypropylcellulose 1-0 mg 

Magnesium stearate 0.5 mg 

Total 135.0 mg 

Undercoating 1 

Hydroxypropylmethylcel lulose 1.0 mg 

Aluminum hydroxide*sodium 0.2 mg 
bicarbonate coprecipi tate 

Talc 0. 1 mg 

Purified water (20.0 mg) 

Total 1.3 mg 
Undercoating 2 

Hydroxypropylmethylcel lulose 2.6 mg 

Talc 0. 1 mg 

Purified water (45.0 mg) 

Total 2.7 mg 
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Enteric coating 

Hydroxypropylmethylcel lulose phthalate 2.5 mg 

Cetanol 0. 1 mg 

Talc 0. 1 mg 

Ethanol (30.0 mg) 

Purified water ( 8.5 mg) 

Total 2. 7 mg 

Aggregate 141.7 mg 
Enteric preparation of lansoprazole having the compositions 

given below is produced according to the method of Example 1-2. 

(Sample 6) 

Core tablets 

Lansoprazole 20.0 mg 

Aluminum hydroxide-sodium 5.0 mg 
bicarbonate coprecipi tate 

Lactose 101.0 mg 

Sodium carboxymethylstarch 7.5 mg 

Hydroxypropylmethylcel lulose 1.0 mg 

Magnesium stearate 0.5 mg 

Total 135.0 mg 

Undercoat ing 1 

Hydroxypropylmethylcel lulose 1.0 mg 

Aluminum hydroxide^sodium 0.2 mg 
bicarbonate coprecipi tate 

Talc 0.1 mg 

Purified water (20.0 mg) 

Total 1.3 mg 

Undercoat ing 2 

Hydroxypropylmethylcel lulose 2.6 mg 
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Talc 0. 1 mg 

Purified water (45.0 mg) 

Total 2.7 mg 

Enteric coating 

Hydroxypropylmethylcel lulose phthalate 2.5 mg 

Cetanol 0. 1 mg 

Talc 0. 1 mg 

Ethanol (30.0 mg) 

Purified water ( 8.5 mg) 

Total 2. 7 mg 

Aggregate 141.7 mg 
Enteric preparation of lansoprazole having the compositions 

given below is produced according to the method of Example 1-2. 

(Sample 7) 

Core tablets 

Lansoprazole 20.0 mg 

Aluminum hydroxide^sodium 15.0 mg 
bicarbonate coprecipi tate 

Lactose 91.0 mg 

Sodium carboxymethylstarch 7.5 mg 

Hydroxypropylcellulose 1.0 mg 

Magnesium stearate 0.5 mg 

Total 135. 0 mg 

Undercoating 1 

Hydroxypropylmethylcellulose 1.0 mg 

Aluminum hydroxide»sodium 0.2 mg 
bicarbonate coprecipi tate 

Talc 0. 1 mg 

Purified water (20.0 mg) 
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Total 1.3 mg 
Undercoat ing 2 

Hydroxypropylmethylcel lulose 2.6 mg 

Talc 0. 1 mg 

Purified water (45.0 mg) 

Total 2.7 mg 
Enteric coating 

Hydroxypropylmethylcel lulose phthalate 2.5 mg 

Cetanol 0. 1 mg 

Talc 0. 1 mg 

Ethanol (30.0 mg) 

Purified water ( 8.5 mg) 

Total 2.7 mg 

Aggregate 141.7 mg 



The preparations of Samples 4 to 7 were preserved for 2 and 
4 weeks under the conditions of 40°C, 75% RH and thereafter, 
change in appearance of them was measured with a colorimeter to 
determine AE values of them. The results obtained are given 
in Table 1-4 and Fig. 5. 



Table 1-4 



Preparation 


40°C, 75% RH 
AE 






after 2 weeks 


after 4 weeks 


Sample 4 


5. 1 


6.6 


Sample 5 


2. 6 


3. 7 


Sample 6 


3. 1 


4.0 


Sample 7 


2. 7 


3.6 
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It was proved that the preparations of Samples 5, 6, 7 
incorporating aluminum hydroxide^sodium bicarbonate 
coprecipitate in core tablets have a smaller AE value and 
lower appearance change as compared with the preparation of 
Sample 4 not incorporating the coprecipitate. 
Example 1-9 

Enteric tablets of 2-[ (3, 5-dimethyl-4-methoxy-2-pyr idyl )- 
methylsulf inyl ]-lH-benzimidazole (Compound 1) are produced 
according to the method of Example 2. 
Core tablets 

Compound 1 20. 0 mg 

Aluminum hydroxide-sodium 20.0 mg 

bicarbonate coprecipitate 

Lactose 31.0 mg 

Low substituted Hydroxypropylcel lulose 8.0 mg 

Hydroxypropylmethylcel lulose 0.7 mg 

Magnesium stearate 0.3 mg 

Total 80.0 mg 

Undercoating 1 

Hydroxypropylmethylcel lulose 0.8 mg 

Aluminum hydroxide^sodium 0.15mg 
bicarbonate coprecipitate 

Talc 0.05mg 

Purified water (20.0 mg) 

Total 1.0 mg 

Undercoating 2 

Hydroxypropylmethylcel lulose 2.4 mg 

Talc 0. 1 mg 

Purified water (45.0 mg) 
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Total 



2. 5 mg 



Enteric coating 



Hydroxypropyl methyl eel lulose ph thai ate 



2. 0 mg 



Cetanol 



0. 8 mg 



Talc 



0. 7 mg 



Ethanol 



(30.0 mg) 



Purified water 



( 8.5 mg) 



Total 



3. 5 mg 



Aggregate 



87.0 mg 



Enteric tablets of 2-[ [4- (3-methoxypropoxy)-3-methy 1-2- 
pyr idyl Jmethylsulf inyl ]-lH~benzimidazole (Compound 2) are 
similarly produced except that Compound 2 is used instead of 
Compound 1. 

Experimental Example 1-5 

Similar tests to Experimental Examples 1-1, 1-2 are 
performed with the enteric tablets obtained in Reference 
Example 1-2 and Example 1-8 and the enteric tablets of Compound 

1 and Compound 2 obtained in Reference Example 1-3 and Example 
1-9, and as a result, a good preservation stability and an 
improved dissolution characteristic are attained with all the 
tablets. 

Example 1-10 

Core tablets of omeprazole having the following composition 
were produced by wet granulating method according to Example 1- 

2 by the use of aluminum hydroxide^sodium bicarbonate 
coprecipi tate as a stabilizer. 

Core tablets 

Omeprazole 20. 0 mg 
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Aluminum jiyuroAiae*oouxuiu 
bicarbonate coprecipi tate 


10 0 


mo- 
»•& 


Lactose 


95. 7 


mg 


Sodium carboxymethylstarch 


7.5 


mg 


Sodium laurylsulf ate 


0.3 


mg 


Hydroxypropylmethylcel lulose 


1.0 


mg 


Magnesium stearate 


0.5 


mg 


Total 


135.0 


mg 



Onto the core tablets, Undercoating 1, Undercoat ing 2 and 
Enteric coating having the compositions given below were 
applied according to Example 1-2. 
Undercoating 1 

Hydroxypropylmethylcel lulose 1.2 mg 

Aluminum hydroxide«sodium 0.3 mg 
bicarbonate coprecipi tate 

Talc 0. 1 mg 

Purified water (23.0 mg) 

Total 1-6 mg 

Undercoating 2 

Hydroxypropylmethylcel lulose 3.1 mg 

Titanium oxide 1-0 mg 

Talc 0. 1 mg 

Purified water (56.0 mg) 

Total 4.2 mg 

Enteric coating 

Hydroxypropylmethylcel lulose phthalate 2.9 mg 

Cetanol 0. 1 mg 

Talc 0.2 mg 

Ethanol (35.0 mg) 
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Purified water (10.0 mg) 

Total 3.2 mg 

Aggregate 144. 0 mg 

On the other hand, core tablets were similarly produced by 
wet granulating method except that magnesium hydroxide, 
magnesium oxide or calcium hydroxide was used instead of 
aluminum hydroxide»sodium bicarbonate coprecipi tate, and then 
similarly applied with film coatings to give enteric tablets. 

The enteric tablets thus obtained were preserved for 1 week 
at 50°C > 75% RH or for 2 weeks at 40°C, 75% RH and thereafter, 
determined of disintegration time according to the test of the 
Pharmacopoeia of Japan with the 2nd fluid without using the 
auxiliary disk. The results obtained are shown in Table 1-5. 



Table 1-5 





Stabi 1 izer 


Disintegration Time 


(min. ) 






Initial 
value 


50°C,75% RH, 
1 Week 


40°C,75% RH, 
2 Weeks 


This 
Inven- 
tion 


Aluminum hydroxide* 
sodium bicarbonate 
coprecipitate 


4.0 


3.5 


3.9 


Control 


Magnesium hydroxide 


3. 0 


29.0 


7.5 


do. 


Magnesium oxide 


25.0 


>30 


>30 


do. 


Calcium hydroxide 


20.0 


22.0 


>30 



The enteric tablets of this invention using aluminum 
hydroxide^sodium bicarbonate coprecipitate exhibited good 
disintegration property immediately after preparation (at 
initial stage) and during preservation in a high temperature, 
humidified condition. In contrast, those of magnesium 
hydroxide were deteriorated significantly under humidif ication 
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at high temperature. The enteric tablets using magnesium oxide 
and calcium hydroxide, respectively, were poor in 
disintegration property from the initial stage thereof as 
prepared. 
Example 2-1 

The composition given below was placed in a kneader and 
mixed for about 20 minutes, and kneaded together by adding an 
appropriate amount of purified water. After granulation with 
an extrusion-granulator (screen diameter: 1.0 mm), the granules 
were made into spherical granules with Marumerizer 
(manufactured by Fuji Powdal). The granules were dried in a 
fluidized drier at 50 °C for 30 min. and passed through a 
sieve of 14 to 24 meshes to give core granules. 



Omeprazole 5.0 mg 

Aluminum hydroxide-sodium 5.0 mg 
bicarbonate coprecipi tate 

Trisodium phosphate (Na 3 P0 4 • 12H«0) 0.5 mg 

Crystalline cellulose 4.0 mg 

Low substituted hydroxypropylcel lulose 4.0 mg 

Hydroxypropylcel lulose 0.5 mg 

Mannitol . 56.0 mg 

Total 75.0 mg 



The coatings given below were applied onto the core 
granules thus obtained to give enteric granules. Undercoating 
1 and Undercoating 2 were applied in a fluidized spray drier 
(manufactured by Ohkawara) at an air supply temperature of 75°C 
and an exhaust temperature of 45°C ; and the enteric coating 
was applied at an air supply temperature of 65°C and an exhaust 
temperature of 40°C . 
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Core granules 


75.0 


mg 


UllQei lOa I I Jig 1 






ny u i u xy y i opy i nit? Liiy 1 ofci i 1 u 1 uo tj 


O r 

o • o 




Alii m i rtiiin V» tt f\ -r% f\ v i t\ t\ c+ f\ n i 1 1 m 

Aluminum nyuroxiae^soui um 
bicarbonate coprecipi tate 


1 R 
1 . o 


m rr 

mg 


Talc 


0.5 


mg 


Purified water 


(64.5 


mg) 


Total 


5.5 


mg 


Undercoating 2 






Hydroxypropylmethylcel lulose 


3.5 


mg 


Titanium oxide 


2.5 


mg 


Talc 


0.5 


mg 


Purified water 


(64.5 


mg) 


Total 


6.5 


mg 


Enteric coating 






Hydroxypropylmethylcel lulose phthalate 


10.7 


mg 


Cetanol 


0.5 


mg 


Talc 


1.8 


mg 


Methylene chloride 


(33.0 


mg) 


Ethanol 


(86.0 


mg) 


Purified water 


(33.0 


mg) 


Total 


13.0 


mg 



Reference example 2-1 

Core granules were produced in a similar procedure to 
Example 2-1 except that mannitol was used instead of aluminum 
hydroxide-sodium bicarbonate coprecipi tate and trisodium 
phosphate. Then, coatings similar to Example 2-1 except that 
talc was additionally incorporated instead of the aluminum 
hydroxide-sodium bicarbonate coprecipi tate in Undercoating 1 
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were applied to yield enteric granules of omeprazole. 
Experimental Example 2-1 

The enteric granules of omeprazole obtained in Example 2-1 
and Reference Example 2-1 were placed in a glass bottle and 
preserved sealingly at 60°C or under open condition of 75% RH 
at 40°C for 2 weeks. The change in appearance is shown in 
Table 2-1. 

Table 2-1 

At the start 60°C sealed 40°C , 75% RH 

open 

Example 6 white white white 

Ref. Example 4 pale brown brown brown 

As will be apparent from Table 2-1, the enteric granules, 
which contain aluminum hydroxide-sodium bicarbonate 
coprecipitate and the buffer agent in the core granules 
aluminum hydroxide»sodium bicarbonate coprecipitate in the 
undercoating layer, showed no change in appearance even under 
severe conditions. 
Example 2-2 

Of the composition given below, aluminum hydroxide»sodium 
bicarbonate coprecipitate, lactose, sodium carboxymethylstarch, 
sodium laurylsulf ate and hydroxypropylcel lulose were mixed 
homogeneously, and an appropriate amount of purified water 
dissolving therein sodium pyrophosphate was added. The mixture 
was kneaded and dried in a fluidized bed drier at 50°C for 30 
minutes. The dried powders were passed through a sieve of 24 
meshes, and magnesium stearate was further added thereto and 
mixed. Then, the mixture was made into tablets (core tablets) 
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each of 135 mg with a rotary tableting machine. 

Omeprazole 20.0 mg 

Aluminum hydroxide •sodium 20.0 mg 
bicarbonate coprecipi tate 

Sodium pyrophosphate 2.0 mg 

Lactose 83.2 mg 

Sodium carboxymethylstarch 8.0 mg 

Sodium laurylsulfate 0.3 mg 

Hydroxypropylcel lulose 1.0 mg 

Magnesium stearate 0.5 mg 

Total 135.0 mg 

The coatings given below were applied to the core tablets 

thus obtained to give enteric tablets. Undercoat ings 1, 2 were 

applied with Highcoater (Freund Sangyo) at an air supply 

temperature of 70°c and an exhaust temperature of 40°C > at a 

pan revolution number of 13 rpm. The enteric coating was 

applied at an air supply temperature of 55°C and an exhaust 

temperature of 37°c. 

Core tablets 135.0 mg 

Undercoating 1 

Hydroxypropylmethylcellulose 1.4 mg 

Aluminum hydroxide^sodium 0.4 mg 
bicarbonate coprecipi tate 

Talc 0. 1 mg 

Purified water (23.0 mg) 

Total 1.9 mg 

Undercoating 2 

Hydroxypropylmethylcellulose 3.1 mg 

Titanium oxide 1.0 mg 
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Purified water (56.0 mg) 

Total 4. 1 mg 

Enteric coating 

Hydroxypropylmethylcel lulose phthalate 3.1 mg 

Cetanol 0.2 mg 

Talc 0.2 mg 

Ethanol (35.0 mg) 

Purified water (10.0 mg) 

Total 3.5 mg 

Aggregate 144.5 mg 

With the enteric tablets of omeprazole thus obtained, 
dissolution rate in the 2nd fluid (pH: ca. 6.8) according to 
the Pharmacopoeia of Japan was determined after reservation 
under conditions of 25°C , 85% RH and 40°C , 82% RH respectively 
for 2 weeks. The results are shown in Fig. 6 and Fig. 7. As 
will be apparent from Figs. 6,7, the enteric tablets of this 
invention using aluminum hydroxide^soddium bicarbonate 
coprecipi tate and the buffer agent (sodium pyrophosphate) 
exhibited persistently a good dissolution property after 
preservation under a humidified condition at a high temperature 
as well as immediately after preparation. 
Example 2-3 

Enteric tablets of omeprazole of the composition given 
below are produced according to the method of Example 2-2. 
Core tablets 

Omeprazole 20. 0 mg 

Aluminum hydroxide-sodium 13.0 mg 

bicarbonate copreci pi tate 

Sodium pyrophosphate 2.0 mg 

5 0 
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Lactose 83.0 mg 

Sodium carboxymethylstarch 8.0 mg 

Sodium laurylsulf ate 0.3 mg 

Hydroxypropylcel lulose 1.0 mg 

Magnesium stearate 0.5 mg 

Total 135.0 mg 

Undercoating 1 

Hydroxypropylmethylcel lulose 1.4 mg 

Aluminum hydroxide-sodium 0.4 mg 
bicarbonate coprecipi tate 

Talc 0. 1 mg 

Purified water (23.0 mg) 

Total 1.9 mg 

Undercoating 2 

Hydroxypropylmethylcel lulose 3.1 mg 

Titanium oxide 1.0 mg 

Purified water (56.0 mg) 

Total 4. 1 mg 

Enteric coating 

Hydroxypropylmethylcel lulose phthalate 3.1 mg 

Cetanol 0.2 mg 

Talc 0.2 mg 

Ethanol (35.0 mg) 

Purified water (10.0 mg) 

Total 3.5 mg 

Aggregate 144.0 mg 



Stability test and dissolution test were performed with the 
enteric tablets of omeprazole thus obtained, under 
preservation, and as a result, a good preservation stability and 
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a high dissolution rate were attained. 
Experimental Example 3-1 

A quantity of 100 mg of omeprazole, aluminum glycinate and 
disodium hydrogenphosphate as a buffer were dispersed in 20 ml 
of water and preserved at 25°C . The resulting white 
suspension was observed of the appearance change with the lapse 
of day. 

Control solutions containing no aluminum glycinate and no 
buffer, respectively were also prepared and observed of the 
change in appearance at 25°C with the lapse of day. 
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Table 3-1 





Substance added 


mg 


Change in 


appearance at 25°C 










1 day 


3 day 


7 day 


THE 
IN- 


Aluminum glycinate 
Na 2 HP0 4 •12H 2 0 


100 
30 


white 


white 


white 


VEN- 
TION 


Aluminum glycinate 
Na 2 HP0 4 -12H 2 0 


100 
100 


whi te 


white 


whi te 




None 


pale 
violet 


violet 


blackish 
violet 






Aluminun 
glycinate 


200 


si ightly 
violet 


brown 


brown 




Ant- 


Aluminum 
hydroxide 


200 


violet 


violet 


violet 




acid 


Magnesium 
carbonate 


200 


white 


Slightly 
brown 


pale 
brown 






Synthetic 
hydrotalci te 


200 


white 


Slightly 
gray 


pale 
brown 


CON- 




Na 2 HP0 4 •12H 2 0 


200 


pale 

urowii 


pale 
brown 


pale 
brown 


TROL 




Sodium tartarate 


200 


pale 
violet 


violet 


violet 






Sodium acetate 


200 


si ightly 
brown 


pale 
violet 


pale 
violet 




Bu- 
ffer 


Sodium 

bicarbonatete 

Sodium 

polyphosphate 


200 
200 


whi te 

slightly 
brown 


si ightly 
brown 

s 1 i gh t 1 y 
brown 


pale 
violet 

pale 
brown 






Dipotassium 200 
hydrogenphospahte 


pale 
brown 


pale 
brown 


pale 
brown 



From the results above, it is apparent that the conjoint 
use of aluminum glycinate and a buffer does not discolor 
omeprazole as compared with single use of aluminum glycinate or 



5 3 



WO 94/02140 PCT/JP93/00920 

a buffer alone, and accordingly, stabilizes omeprazole. 
Example 3-1 

The composition mentioned below was charged into a kneader 
for mixing for about 20 minutes, kneaded by adding an 
appropriate amount of purified water, granulated on an extrusion 
granulator (screen diameter of 1.0 mm), and made into spherical 
granules with the aid of Marumerizer (Fuji Powdal Co.). The 
granules thus obtained were dried in a fluidized bed drier at an 
air feed temperature of 50 °C for 30 minutes and filtered 
through a sieve to give granules of 14 — 24 meshes. 



Omeprazole 5. 0 mg 

Aluminum glycinate 5.0 mg 

Sodium pyrophosphate 2.0 mg 

Crystalline cellulose 4.0 mg 

Low substituted hydroxypropy lcel lulose 4.0 mg 

Hydroxypropylcel lulose 0.5 mg 

Mannitol 54.5 mg 

Total 75.0 mg 

Example 3-2 



The composition given below was made into granules 
according to Example 3-1. Of the composition, disodium 
hydrogenphosphate was incorporated by dissolving it in purified 



water. 

Omeprazole 5.0 mg 

Aluminum glycinate 5.0 mg 

Na 2 HP0 4 -12H 2 0 1 . 5 mg 

Crystalline cellulose 4.0 mg 

Low substituted hydroxypropylcel lulose 4.0 mg 
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Hydroxypropylcellulose 0.5 mg 

Mannitol 55.0 mg 

Total 75.0 mg 

Example 3-3 

The granules obtained in Example 3-2 were applied with the 

coatings given below to give enteric granules. Undercoatings 1 
and 2 were applied in a fluidized spray drier (Okawara Co.) at 

an air feed temperature of 75°C and an exhaust temperature of 
55°C whereas Enteric coating was applied in the same drier at 

an air feed temperature of 65°C and an exhaust temperature of 
50°C . 

The granules in Example 3-2 75.0 mg 

Undercoat ing 1 

Hydroxypropylmethylcel lulose 3.5 mg 

Aluminum glycinate 1.4 mg 

Na 2 HP0 4 •12H 2 0 0. 1 mg 

Talc 0.5 mg 

Purified water (64.5 mg) 

Total 5.5 mg 

Undercoat ing 2 

Hydroxypropylmethylcel lulose 3.5 mg 

Titanium oxide 2.5 mg 

Talc 0.5 mg 

Purified water (64.5 mg) 

Total 6.5 mg 

Enteric coating 

Hydroxypropylmethylcel lulose phthalate 10.7 mg 

Cetanol 0.5 mg 
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Talc 1.8 mg 

Methylene chloride (33.0 mg) 

Ethanol (86.0 mg) 

Purified water (33.0 mg) 

Total 13.0 mg 

The enteric granules of omeprazole thus obtained had a good 

dissolution property and were stable after preservation under 

heating or humidifying conditions. 

Example 3-4 

Of the composition given below, omeprazole, aluminum 
glycinate, mannitol, a -starch, sodium laury Isulf ate and 
hydroxypropylcel lulose were homogeneously mixed, and to the 
mixture, an appropriate amount of purified water dissolving 
therein sodium pyrophosphate was added to carry out kneading, 
followed by drying in a fluidized drier at 50°C for 30 minutes. 

The dried granules thus obtained were passed through a sieve 
of 24 mesh and added and mingled with magnesium stearate. Then 
the granules were made into tablets (core) of 135 mg per one 
tablet by means of a rotary tableting machine. 



Omeprazole 


20. 


0 


mg 


Aluminum glycinate 


20. 


0 


mg 


Sodium pyrophosphate 


1. 


0 


mg 


Mann i to 1 


71. 


7 


mg 


a -Starch 


20. 


0 


mg 


Sodium laurylsulf ate 


0. 


3 


mg 


Hydroxypropylcel lulose 


1. 


0 


mg 


Magnesium stearate 


1. 


0 


mg 


Total 


135. 


. 0 


mg 
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Example 3-5 

The tablets (core) obtained in Example 3-4 were applied 
with coatings of the compositions given below to give enteric 
tablets. Undercoatings 1 and 2 were applied with High-coater 

(Freund Sangyo Co.) at an air feed temperature of 70°C and an 
exhaust temperature of 40°c , at a pan revolution number of 13 
rpm. Enteric coating was applied with the same device at an 
air feed temperature of 55°C and an exhaust temperature of 37 
°C- 

Tablets of Example 3-4 135.0 mg 

Undercoating 1 

Hydroxypropylcel lulose 1.5 mg 

Aluminum glycinate 0.35mg 
Na 2 HP04 .12H 2 0 0.05mg 
Purified water (23.0 mg) 

Total 1.9 mg 

Undercoating 2 

Hydroxypropylcel lulose 3.1 mg 

Titanium oxide 1.0 mg 

Purified water (56.0 mg) 

Total 4. 1 mg 

Enteric coating 

Hydroxypropylmethylcel lulose phthalate 3.1 mg 

Cetanol 0.2 mg 

Talc 0.2 mg 

Ethanol (35.0 mg) 

Purified water (10.0 mg) 

Total 3. 5 mg 
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Aggregate 



144,5 mg 



Example 3-6 

Core granules of the composition given below were produced 
according to Example 3-1. The sodium pyrophosphate used was 
incorporated by dissolving it in purified water. In order to 
prevent an adverse effect of proton released from the enteric 
film upon omeprazole, aluminum glycinate and Na2HP0 4 •12UzO 
were incorporated in Undercoat ing 1. Coating was conducted by 
the use of a fluidized bed drier (Okawara Co.). Undercoat ings 1 
and 2 were applied at an air feed temperature of 75°C, an 
exhaust temperature of 55°C and Enteric coating was likewise 
applied at an air feed temperature of 55°c and an exhaust 
temperature of 40°c . 
Core granules 

Omeprazole 5. 0 mg 

Aluminum glycinate 10.0 mg 

Sodium pyrophosphate 2.0 mg 

Crystalline cellulose 4.0 mg 

Low substituted hydroxypropy lcel lulose 4.0 mg 

Hydroxypropylcel lulose 0.5 mg 

Mannitol 44.5 mg 



Total 



70.0 mg 



Undercoating 1 



Hydroxypropylcel lulose 



3.2 mg 



Aluminum glycinate 



1.2 mg 



Na 2 HP0 4 -12H 2 0 



0. 1 mg 



Talc 



0. 5 mg 



Purified water 



(60.0 mg) 
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Total 5. 0 mg 

Undercoat ing 2 

Hydroxypropylmethylcel lulose 3.5 mg 

Titanium oxide 1.0 mg 

Talc 0.5 mg 

Purified water (65.0 mg) 

Total 5.0 mg 

Enteric coating 

Methacrylic acid/acrylic acid copolymer 

(solid content) 15.0 mg 

Polyethylene glycol 6000 1.3 mg 

Tween 80 0.7 mg 

Talc 3.0 mg 

Purified water (50.0 mg) 

Total 20.0 mg 

Reference Example 3-1 

Tablets (core tablets) were produced from the composition 

given below according to Example 3-4. 

Omeprazole 20.0 mg 

Mannitol 13.2 mg 

a -Starch 20. 0 mg 

Sodium laurylsulfate 0.3 mg 

Hydroxypropylcel lulose 1.0 mg 

Magnesium stearate 0.5 mg 

Total 135.0 mg 

To the tablets (core tablets) obtained were applied 

Undercoating 2 and Enteric coating applied in Example 3-5 to 

give enteric tablets. 



5 9 



WO 94/02140 PCT/JP93/00920 

Reference Example 3-2 

The composition of the formulation given below was made 
into tablets (core tablets) according to Example 3-4. 



Omeprazole 


20. 0 


mg 


Aluminum glycinate 


20.0 


mg 


Manni tol 


73.2 


mg 


a -Starch 


21. 0 


mg 


Sodium laurylsulfate 


0. 3 


mg 


Hydroxypropylcel lulose 


1.0 


mg 


Magnesium stearate 


0. 5 


mg 


Total 


135. 0 


mg 



The tablets (core tablets) thus obtained were applied with 
the film coatings in Example 3-5 to yield enteric tablets. 
Experimental Example 3-2 

The core tablets obtained in Example 3-4, the enteric 
tablets in Example 3-5, the core tablets and enteric tablets in 
Reference Example 3-1 and the core tablets and enteric tablets 
in Reference Example 3-2 were respectively placed in a glass 
bottle, and allowed to stand for 2 weeks with the bottles 
sealingly stoppered under 60°C condition and opened under 40 
°C, 75% RH conditions, respectively. The results obtained of 
the change in appearance are shown in Table 3-2. 
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Table 3-2 





As 

prepared 


Seal ingly 
stoppered 
at 60°C 


Opened 
at 40°C 
75% RH 


Example 3-4 (core tablets) 


white 


white 


whi te 


Example 3-5 (enteric tablets) 


white 


white 


white 


Ref. Example 3-1 (core tablets) 


si ightly 
brown 


pale brown 


pale 
brown 


ditto (enteric tablets) 


white 


si ightly 
brown 


pale 
brown 


Ref. Example 3-2(core tablets) 


pale 
brown 


pale brown 


pale 
brown 


ditto (enteric tablets) 


si ightly 
brown 


pale brown 


pale 
brown 



As will be apparent from the results in Table 3-2, the 
change in appearance was significantly improved by incorporating 
aluminum glycinate and a buffer. 
Experimental Example 3-3 

Tablets (core tablets) were produced in the formulation 
given below according to Example 3-4 (Sample A). 



Omeprazole 


20.0 


mg 


Aluminum glycinate 


10.0 


mg 


sodium pyrophosphate 


10.0 


mg 


Na 2 HP04 .12H 2 0 


2.0 


mg 


Manni tol 


87.5 


mg 


Carboxymethylcel lulose 


10.0 


mg 


Magnesium stearate 


0.5 


mg 


Total 


130.0 


mg 



Tablets (core tablets) containing no stabilizer were 
produced in the formulation given below according to Example 3-4 
(Contorol A). 
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Omeprazole 20. 0 mg 

Mannitol 99.5 mg 

Carboxymethylcel lulose 10.0 mg 

Magnesium stearate 0.5 mg 

Total 130.0 mg 

Sample A and Control A were preserved under 40°C, 75% RH 
conditions for 4 weeks and then measured of change in 
appearance with a colorimeter to determine AE values. The 
results obtained are shown below. 

Preparation AE 
Sample A 7.0 
Control A 14.0 
As will be apparent from the experimental results, in case 
where aluminun glycinate or a buffer alone is incorporated in 
omeprazole no stabilization effect was attained whereas the 
conjoint use of both can stabilize significantly omeprazole, and 
accordingly, a stabilized preparation containing antiulcer 
agent was obtained. 
Experimental Example 4-1 

A quantity of 100 mg of omeprazole, 100 mg of various amino 
acid and 100 mg of disodium hydrogenphosphate as a buffer were 
dispersed in 20 ml of water and preserved at 25°C - The 
resulting white suspension was observed of the appearance 
change with the lapse of day. 

Control solutions containing no amino acid and no buffer, 
respectively were also prepared and observed of the change in 
appearance at 25°C with the lapse of day. 
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Table 3-1 





Substance added 


mg 


Phonrro in 
UllQllgc III 


appearance at 25°C 










1 day 


3 days 


7 days 




Glycine 


100 










Na 2 HP0 4 -12H 2 0 


100 


white 


white 


white 




L-Isoleucine 


100 








THE 


Na 2 HP0 4 -12H 2 0 


100 


white 


white 


whi te 


IN- 


L-Alanine 


100 


whi te 


whi te 


gray 


VEN- 


Na 2 HP0 4 -12H 2 0 


100 








TION 


L-Threonine 
Na 2 HP0 4 -12H 2 0 


100 
100 


whi te 


whi te 


gray 




L-Phenylalanine 


100 


white 


whi te 


gray 




Na 2 HP0 4 *12H 2 0 


100 










None 


pale 
violet 


violet 


blackish 
violet 






Glycine 


100 


violet 


violet 


blackish 
violet 




Amino 


L-Alanine 


100 


pale 
violet 


violet 


blackish 
violet 


CON- 
TROL 


acid 


L-Isoleucine 


100 


slightly 
brown 


violet 


blackish 
violet 




Na 2 HP0 4 «12H 2 0 
Sodium tartarate 


200 
200 


pale 
brown 

pale 
violet 


pale 
brown 

violet 


pale 
brown 

violet 






Sodium 

pyrophosphate 


200 


si ight ly 
brown 


slightly 
brown 


pale 
brown 






Sodium 
acetate 


200 


si ight ly 
brown 


pale 
violet 


pale 
violet 




Bu- 
ffer 


Sodium 

bicarbonate 


200 


whi te 


si ight ly 
brown 


pale 
violet 
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Sodium 200 


si ightly 


si ightly 


pale 






polyphosphate 


brown 


brown 


brown 






Dipotassium 200 


pale 


pale 


pale 






hydrogenphospahte 


brown 


brown 


brown 






Magnesium 200 


white 


si ightly 


pale 






carbonate 




brown 


brown 



From the results above, it is apparent that the conjoint 
use of an amino acid and a buffer does not discolor omeprazole 
as compared with single use of an amino acid or a buffer alone, 
and accordingly, stabilizes omeprazole. 
Example 4-1 

Of the composition given below, omeprazole, crystalline 
cellulose, low substituted hydroxypropylcel lulose, 
hydroxypropylcel lulose and mannitol were charged into a kneader 
and mixed for ca. 20 minutes. An appropriate amount of purified 
water dissolving therein glycine and disodium hydrogenphosphate 
was further added and kneaded. The resulting mixture was dried 
in a fluidized drier at 50°C for 30 minutes. Thereafter, 
granules of 14~24 meshes were obtained by the use of a sieve. 



Omeprazole 5. 0 mg 

Glycine 2.5 mg 

Na 2 HPCU -12H Z 0 2.5 mg 

Crystalline cellulose 4.0 mg 

Low substituted hydroxypropylcel lulose 4.0 mg 

Hydroxypropylcel lulose 0.5 mg 

Mannitol 56. 5 mg 

Total 75.0 mg 

Example 4-2 



The composition of the formulation given below was made 
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into granules according to Example 4-1. The sodium L-glutamate 
and sodium pyrophosphate dissolved in purified water were 
incorporated. 

Omeprazole 5.0 mg 

Sodium L-glutamate 2.5 mg 

Sodium pyrophosphate 1.0 mg 

Crystalline cellulose 4.0 mg 

Low substituted hydroxypropylcel lulose 4.0 mg 

Hydroxypropylcel lulose 0.5 mg 

Mannitol 58.5 mg 

Total 75.0 mg 

Example 4-3 

From the composition given below, granules were produced 
according to Example 4-1. The L-alanine and dipottasium 
hydrogenphosphate were incorporated by dissolving them in purified 
water. 

Omeprazole 5. 0 mg 

L-alanine 1. 5 mg 

K2HPO4 1.5 mg 

Crystalline cellulose 4.0 mg 

Low substituted hydroxypropylcel lulose 4.0 mg 

Hydroxypropylcel lulose 0.5 mg 

Manni tol 58. 5 mg 

Total 75.0 mg 

Example 4-4 

The granules obtained in Example 4-3 were applied with 
coatings of the compositions given below to give enteric 
granules. Undercoat ings 1, 2 were applied in a fluidized bed 
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drier (Okawara Co.) at an air feed temperature of 75°C and an 
exhaust temperature of 55°C and Enteric coating was applied 
similarly at an air feed temperature of 65°C and an exhaust 



temperature of 50°C- 

Granules in Example 4-3 75.0 mg 

Undercoat ing 1 

Hydroxypropylmethylcel lulose phthalate 3.5 mg 

Synthetic talcite 1.5 mg 

Talc 0.5 mg 

Purified water (64.5 mg) 

Total 5.5 mg 

Undercoating 2 

Hydroxypropylmethylcellulose 3.5 mg 

Titanium oxide 2.5 mg 

Talc 0.5 mg 

Purified water (64.5 mg) 

Total 6.5 mg 

Enteric coating 

Hydroxypropylmethylcellulose 10.7 mg 

Cetanol 0.5 mg 

Talc 1.8 mg 

Methylene chloride (33.0 mg) 

Ethanol (86.0 mg) 

Purified water (33. 0 mg) 

Total 13.0 mg 

Aggregate 100. 0 mg 

Example 4-5 



Of the composition given below, omeprazole, mannitol, 
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sodium carboxymethylstarch, sodium laury Isul f ate and 
hydroxypropylcel lulose were mixed uniformly. An appropriate 
amount of purified water dissolving therein L-isoieucine and 
sodium pyrophosphate was added to the mixture and kneaded 
together, and then dried in a fluidized drier at 50°C for 30 
minutes. The dried particles were passed through a sieve of 24 
mesh and mixed with magnesium stearate, and then produced into 
tablets (core tablets) of 135 mg per one tablet by means of a 



rotary tableting machine. 

Omeprazole 20. 0 mg 

L-Isoleucine 3.0 mg 

Sodium pyrophosphate 3.0 mg 

Mannitol 99.2 mg 

Sodium carboxymethylstarch 8.0 mg 

Sodium laurylsulf ate 0.3 mg 

Hydroxypropylcellulose 1.0 mg 

Magnesium stearate 0.5 mg 

Total 135.0 mg 

Example 4-6 



The tablets (core tablets) obtained in Example 4-5 were 
applied with coatings of the compositions given below to yield 
enteric tablets. Undercoat ings 1, 2 were applied by means of 
High-coater (Freund Sangyo Co.) at an air feed temperature of 
70°C and an exhaust temperature of 40°C , at a pan revolution 
number of 13 rpm. Enteric coating was likewise applied at an 
air feed temperature of 55°c and an exhaust temperature of 37 
°C 

Tablets in Example 4-5 135.0 mg 



WO 94/02140 

Undercoat ing 1 

Hydroxypropylmethylcel lulose 

Aluminum hydroxide-sodium 
bicarbonate coprecipi tate 
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1. 5 mg 
0. 4 mg 



Purified water (23.0 mg) 

Total 1-9 mg 

Undercoating 2 

Hydroxypropylmethylcel lulose 3.1 mg 

Titanium oxide 1. 0 mg 

Purified water (56.0 mg) 

Total 4. 1 mg 

Enteric coating 

Hydroxypropylmethylcel lulose phthalate 3.1 mg 

Cetanol 0.2 mg 

Talc 0.2 mg 

Ethanol (35.0 mg) 

Purified water (10.0 mg) 

Total 3.5 mg 

Aggregate 144.5 mg 

Example 4-7 

Core granules were produced according to Example 4-1 from 
the composition given below. The glycine and sodium 
pyrophosphate as a stabilizer was incorporated by dissolving 
them in purified water. In order to prevent an adverse effect 
of proton released from the enteric film upon omeprazole, 
aluminum hydroxide *sodium bicarbonate coprecipi tate and 
disodium hydrogenphosphate were incorporated. Coating was 
conducted by the use of a fluidized bed drier (Okawara Co.). 
Undercoat ings 1 and 2 were applied at an air feed temperature 
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of 75°C and an exhaust temperature of 55°C while Enteric 

coating was applied at an air feed temperature of 55°C and an 

exhaust temperature of 40°C - 

Core granules 

Omeprazole 5. 0 mg 

Glycine 2.0 mg 

Sodium pyrophosphate 2.0 mg 

Crystalline cellulose 4.0 mg 

Low substituted hydroxypropy lcel lulose 4.0 mg 

Hydroxypropylcel lulose 0.5 mg 

Manni tol 52. 5 mg 

Total 70. 0 mg 

Undercoat ing 1 

Hydroxypropylmethylcel lulose 3.2 mg 

Aluminum hydroxide-sodium 1.2 mg 
bicarbonate coprecipi tate 

Na 2 HP0 4 •12H 2 0 0.1 mg 

Talc 0.5 mg 

Purified water (60.0 mg) 

Total 5.0 mg 

Undercoating 2 

Hydroxypropylmethylcel lulose 3.5 mg 

Titanium oxide 1.0 mg 

Talc 0.5 mg 

Purified water (65.0 mg) 

Total 5.0 mg 

Enteric coating 

Methacrylic acid/acrylic acid 15.0 mg 
copolymer (solid) 
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Polyethylene glycol 6000 1-3 mg 

Tween 80 0.7 mg 

Talc 3.0 mg 

Purified water (50.0 mg) 

Total 20.0 mg 

Aggregate 100.0 mg 

Experimental Example 4-2 

Tablets (core tablets) were produced in the formulation 

given below according to Example 4-5 (Sample B). 

Omeprazole 20.0 mg 

Glycine 10.0 mg 

Na 2 HP0 4 -12H 2 0 2.0 mg 

Mannitol 87.5 mg 

Carboxymethylcellulose 10.0 mg 

Magnesium stearate 0.5 mg 

Total 130.0 mg 

Tablets (core) containing no stabilizer were produced in 

the formulation below according to Example 4-5 (Control B). 
Omeprazol 20. 0 mg 

Mannitol 99.5 mg 

Carboxymethylcellulose 10.0 mg 

Magnesium stearate 0.5 mg 

Total 130.0 mg 

Sample B and Control B were preserved under 40°c, 75% RH 

for 4 weeks and measured of the change in appearance with a 

colorimeter to determine AE values. The results obtained are 

shown below. 
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Preparation 



A E 



Sample B 



8.2 



Control B 



14-7 



As will be apparent from above, no stabilization effect was 
obtained when amino acid, an acid salt of an amino acid or an 
alkali salt of an amino acid or a buffer was singly 
incorporated in omeprazole but when the aforementioned amino 
acid or the like and the buffer are used in admixture, 
omeprazole were significantly stabilized, whereby a stabilized 
preparation containing an antiulcer agent was obtained. 



The pharmaceutical preparations of this invention exhibit a 
superior inhibitory activity to secretion of gastric acid and 
superior antiulcer activity and can be used for the treatment 
of digestive ulcers, etc. of human or other mammals. 



[ Industrial Appl icabi 1 i ty] 
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CLAIMS 

1. An enteric pharmaceutical composition, containing antiulcer 
agent, improved in stablility and unchanged in dissolution 
property with the lapse of time, which composition comprises a 
core portion including a 2-[ (2-pyr idyl )methylsulf inyl ]- 

benz imidazole compound that has antiulcer activity and is 
unstable to acid, an undercoating of one or two layers covering 
the core portion and an enteric coating further covering the 
undercoating, wherein said core portion and/or said 
undercoating comprise a stabilizer selected from the group 
consisting of aluminum hydroxide • sodium bicarbonate 
coprecipi tate alone, a mixture of the aforementioned 
coprecipi tate and a buffer, a mixture of aluminum glycinate and 
a buffer, a mixture of an amino acid and a buffer, a mixture of 
an acid salt of an amino acid and a buffer, and a mixture of an 
alkali salt of an amino acid and a buffer. 

2. An enteric pharmaceutical composition improved in stability 
and unchanged in dissolution property with the lapse of time, 
which composition comprises a core portion including a 2-[(2- 
pyr idyl )methylsulf inyl ] benzimidazole compound that has 
antiulcer activity and is unstable to an acid, an undercoating 
of one or two layers covering the core portion, and an enteric 
coating further covering the undercoating, wherein the core 
portion and/or the undercoating comprise aluminum hydroxide • 
sodium bicarbonate coprecipi tate. 

3. The enteric pharmaceutical composition as set forth in item 
2, wherein the aluminum hydroxide • sodium bicarbonate 
coprecipi tate in the undercoating is in the range of 0.01~10 
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parts by weight based on 100 parts by weight of the core 
portion. 

4. The enteric pharmaceutical composition as set forth in item 
2, wherein the undercoat ing comprises aluminum hydroxide • 
sodium bicarbonate coprecipi tate and talc. 

5. An enteric pharmaceutical composition improved in stability 
and unchanged in dissolution property with the lapse of time, 
which composition comprises a core portion including a 2-[(2- 
pyr idyl )methylsulf inyl ] benz imidazole compound that has 
antiulcer activity and is unstable to an acid, an undercoating 
of one or two layers covering the core portion, and an enteric 
coating further covering the undercoating, wherein the core 
portion and/or the undercoating comprise aluminum hydroxide- 
sodium bicarbonate coprecipi tate and a buffer. 

6. The enteric pharmaceutical composition as set forth in item 
5, wherein the aluminum hydroxide • sodium bicarbonate 
coprecipi tate and a buffer are in the range of, respectively, 

0.01~0.5 part by weight and 0.01~2 parts by weight based on 
1 part by weight of the 2-[ (2-pyridyl )methylsulf inyl ]- 
benzimidazole compound. 

7. The enterinc pharmaceutical composition as set forth in item 
5, wherein the buffer is sodium tartarate, sodium acetate, 
sodium bicarbonate, sodium carbonate, sodium polyphosphate, 
potassium polyphosphate, sodium pyrophosphate, potassium 
pyrophosphate, disodium hydrogenphosphate, dipotassium 
hydrogenphosphate, trisodium phosphate or tripotassium 
phosphate. 

8. An enteric pharmaceutical composition improved in stability 
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and unchanged in dissolution property with the lapse of time, 
which composition comprises a core portion including a 2-[(2- 
pyr idyl )methylsulf inyl ] benzimidazole compound that has 
antiulcer activity and is unstable to an acid, an undercoating 
of one or two layers covering the core portion, and an enteric 
coating further covering the undercoating, wherein the core 
portion and/or the undercoating comprise aluminum glycinate and 
a buffer. 

9. The enteric pharmaceutical composition as set forth in item 
8, wherein the aluminum glycinate and the buffer are in the 
range of, respectively, 0.1~2 parts by weight and 0.01~2 
parts by weight based on 1 part by weight of the 2-[(2- 
pyridyl )methylsulf inyl ] benzimidazole compound. 

10. The enteric pharmaceutical composition as set forth in item 
8, wherein the buffer is sodium tartarate, sodium acetate, 
sodium bicarbonate, sodium, carbonate, sodium polyphosphate, 
potassium polyphosphate, sodium pyrophosphate, potassium 
pyrophosphate, disodium hydrogenphosphate, dipotassium 
hydrogenphosphate, trisodium phosphate or tripotassium 
phosphate. 

11. An enteric pharmaceutical composition improved in stability 
and unchanged in dissolution property with the lapse of time, 
which composition comprises a core portion including a 2-[(2- 
pyridyl )methylsulf inyl ] benzimidazole compound that has 
antiulcer activity and is unstable to an acid, an undercoating 
of one or two layers covering the core portion, and an enteric 
coating further covering the undercoating, wherein the core 
portion and/or the undercoating comprise a mixture of an amino 
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acid, an acid salt of an amino acid or an alkali salt of an 
amino acid and a buffer. 

12. The enteric pharmaceutical composition as set forth in item 
11, wherein the amino acid, acid salt of an amino acid, or 
alkali salt of an amino acid is in the range of 0-01 — 2 parts by 
weight and the buffer is in the range of 0.01~2 parts by 
weight, respectively, based on 1 part by weight of the 2-[(2- 
pyridyl )methylsulf inyl ] benzimidazole compound. 

13. The enteric pharmaceutical composition as set forth in item 
11, wherein the amino acid, acid salt of an amino acid or 
alkali salt of an amino acid is glycine, glycine hydrochloride, 
L-alanine, DL-alanine, L-threonin, DL-threonin, L- isoleucine, 
L-valine, L-phenylalanine, L-glutamic acid, L-glutamic acid 
hydrochloride, sodium L-glutamate, L-asparagic acid, sodium L- 
asparagate, L-lysine or L-lysine-L-glutamate; and the buffer is 
an alkaline metal salt of phosphoric acid, sodium tartarate, 
sodium acetate, sodium bicarbonate, sodium polyphosphate, sodium 
pyrophosphate, potassium metaphosphate, magnesium oxide, 
magnesium hydroxide, magnesium carbonate, magnesium silicate or 
calcium carbonate. 

14. The enteric pharmaceutical composition as set forth in item 
11, wherein the amino acid, acid salt of an amino acid or 
alkali salt of an amino acid is glycine, L-alanine, DL-alanine 
or sodium L-glutamate; and the buffer is disodium 
hydrogenphosphate. 
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SPECIFICATION 

INJECTION AND INJECTION KIT CONTAINING OMEPRAZOLE AND ITS ANALOGS 

[TECHNICAL FIELD] 
The present invention relates to an injection of 2-[(2- 
pyridyl )methylsulf inyl ]benzimidazole compound or a salt thereof 
having antiulcer activity, particularly sodium salt of 
omeprazole and to an injection kit thereof, which are used in 
clinical fields. 

[BACKGROUND ART] 
The 2-[(2-pyridyl )methylsulf inyl ]benz imidazol e compounds 
such as omeprazole or lansoprazole are potent antiulcer agents, 
and are used as pharmaceutical compositions for oral admini- 
stration. Further, the injections thereof have recently 
devel oped. 

As an injection of omeprazole, there has been known an 
injection prepared by dissolving sodium salt of omeprazole in 
sterilized water, filtering and lyophilizing the solution to 
give a lyophilized product, and then dissolving the lyophilized 
product in a mixture of polyethylene glycol 400 for injection, 
sodium dihydrogenphosphate and sterilized water (Japanese Patent 
Unexamined Publication No. 167587/1984). 

Also, an injection prepared by dissolving a lyophilized 
product of an alkaline aqueous solution of a 2-[ ( 2-pyr idyl )- 
methyl sulf inyl ]benzimidazole compound having antiulcer activity 
such as lansoprazole in a mixture of (a) acid, and (b) at least 
one of ethanol, propylene glycol and polyethylene glycol 
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(Japanese Patent Unexamined Publication No. 138213/1990). 

In general, the pH of injection is preferably about 4-8, 
and a pH above 9 has a probability of causing hemolysis and 
local irritation. 

In the case of the 2-[ (2-pyridyl )methyl sulf inyl ]benz- 
imidazole compound or a salt which may be hereinafter referred 
to as "benzimidazole compound or salt thereof" represented by 
sodium salt of omepazole, it shows a solubility of the level 
permitting formulation into preparation, in water in an alkaline 
range of pH 9.5 or above, whereas it shows extremely low 
solubility in water at a pH of not more than 9, thus rendering 
formulation into preparation very difficult. 

While the benzimidazole compound or salt thereof is stable 
in the alkaline range, it poses a problem in that its stability 
decreases with the lowering pHs. 

For this reason, it has been employed in conventional 
injections of benzimidazole compound or salt thereof such as 
sodium salt of omeprazole to add an acid such as hydrochloric 
acid or sodium dihydrogenphosphate to the solution to keep the 
pH from neutral to weak basic, and to further add a nonaqueous 
solvent such as polyethylene glycol, ethanol or propylene glycol 
in order to obtain a certain level of solubility in such pH 
range. 

Yet, these injections pose problems of local irritation and 
hemolysis caused by the nonaqueous solvent added to the 
solution for dissolution. 
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Accordingly, an object of the invention is to provide an 
injection of benz imi dazol e compound or salt thereof, 
particularly sodium salt of omeprazole causing less side- 
effects such as hemolysis, and less local irritation, which 
permits easy formulation. 

[DISCLOSURE OF THE INVENTION] 

As a result of the intensive study conducted by the 
inventors with the aim of achieving the aforementioned object, 
it has now been found that a product obtained by lyophilizing an 
alkaline aqueous solution of benz imi dazol e compound or salt 
thereof, and dissolving same in an aqueous solvent added with 
no nonaqueous solvent scarcely shows hemolytic property and 
local irritation, notwithstanding the high pH of from 9.5 to 
11.5. 

Accordingly, the present invention is: 

(1) an injection comprising a 2- [ ( 2-pyr idy 1 )methy 1 sul f inyl ]- 
benzimidazol e compound or a salt thereof having antiulcer 
activity and an aqueous solvent added with no nonaqueous 
solvent, which has a pH of not less than 9.5 and not more than 
11.5, 

(2) an injection kit comprising the following (a) and (b), 
wherein (a) and (b) are adjusted such that the pH upon 
dissolution of (a) in (b) is not less than 9.5 and not more than 
11.5; 

(a) : a lyophilized product of an alkaline aqueous solution of a 
2-[(2-pyridyl )methylsulf inyl ]benz imidazol e compound or a salt 
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thereof having antiulcer activity 

(b) : an aqueous solvent added with no nonaqueous solvent. 

The 2-[ ( 2-pyr idyl )methylsulf i ny 1 ]benz imidazol e compounds 
having antiulcer activity which are the element constituting the 
present invention include, for example, the compounds described 
in Japanese Patent Unexamined Publication No. 62275/1977, 
Japanese Patent Unexamined Publication No. 1417/1979, Japanese 
Patent Unexamined Publication No. 53406/1982, Japanese Patent 
Unexamined Publication No. 135881/1983, Japanese Patent 
Unexamined Publication No. 192880/1983, Japanese Patent 
Unexamined Publication No. 181277/1984 or Japanese Patent 
Unexamined Publication No. 50978/1986, and omeprazole [chemical 
name : 2-[2-(3, 5-di methyl -4-methoxy )-pyridylmethylsul f inyl ]-(5- 
methoxy )benzimidazol e] and lansoprazole [chemical name: 2- {2- 
[(3-methyl-4-(2,2,2-trif 1 uoroethoxy) ]-pyr idyl methyl sul f inyl} - 
benzimidazole] are exemplified. 

As the salts of said benzimidazole compounds, for example, 
salts of alkaline metal such as sodium salt or potassium salt or 
salts of alkaline earth metal such as calcium salt or magnesium 
salt. 

In view of the solubility, it is preferable for the present 
invention to use the salt of benzimidazole compound. 

The injection of the present invention has a pH of not less 
than 9.5 and not more than 11.5, preferably not less than 10 
and not more than 11. Where the pH is less than 9.5, the 
benzimidazole compound or salt thereof does not sufficiently 
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dissolve in an aqueous solvent and shows poor stability, while 
where it is more than 11.5, hemolytic property and local 
irritation become prominent. 

According to the present invention, an injection of the 
benzimidazole compound or salt thereof can be prepared by 
dissolving the benzimidazole compound or salt thereof in water 
for injection, etc. along with a strong alkaline compound such 
as sodium hydroxide, potassium hydroxide, sodium carbonate or 
L-arginine, to give an alkaline aqueous solution having a pH 
adjusted to not less than 10.5 and not more than 12.5, 
preferably not less than 11 and not more than 12. The alkaline 
aqueous solution may contain mannitol, glycine, sorbitol, 
inositol, etc. on demand for better forming of a lyophilized 
product. 

The benzimidazole compound is contained in said alkaline 
aqueous solution in a proportion of 1-50 mg/ml, preferably 5-40 
mg/ml on a free compound basis. 

Then, this alkaline aqueous solution is filtered for 
sterilization, and charged in a vial by 0.5-10 ml. After 
nitrogen gas displacement to be conducted as necessary, the 
solution is lyophilized by a method known per se. The 
lyophilized product thus obtained is the (a): a lyophilized 
product of an alkaline aqueous solution of the 2-[ (2-pyridyl )- 
methyl sul finyl ]benzimidazol e compounds or salt thereof having 
antiulcer activity to be contained in the injection kit of the 
present invention. 
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When in use, the injection of the present invention can be 
produced by dissolving the lyophilized product thus obtained in 
an aqueous solvent added with no nonaqueous solvent, such as 
physiological saline, aqueous solution of 5% glucose, or 
distilled water for injection. Said aqueous solvent corresponds 
to the (b) : an aqueous solvent added with no nonaqueous 
solvent to be contained in the injection kit of the present 
invention. 

The injection of the present invention can be used, for 
example, in the form of drip infusion, intravenous injection, 
intramuscular injection, subcutaneous injection. 

The concentration of benz imidazol e compound in the 
injection of the present invention may vary depending upon the 
administration route, and generally ranges in a proportion of 
0.05-10 mg/ml , preferably 0.1-5 mg/ml on a free compound basis. 
The benzimidazole compound in the injection of the present 
invention is administered to an adult at 10-100 mg per day on a 
free compound basis in a single to three times divided doses, 
depending upon, for example, the symptoms of the patients. 

[BEST MODE FOR CARRYING OUT OF THE INVENTION] 
Experimental Example 1 

Test preparation 

1. Preparation obtained in Example 1 to be mentioned later 

Test method 

1. Hemolysis test 

Hemolysis was evaluated by Akaishi method using whole blood 
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of rabbit. The result is given in Table 1. 
2. Local irritation test 

Local irritation was evaluated by the comparison of 
necrotic muscular tissue area at the injection site in 3 
rabbits at 2 days after the administration of 1 ml of the test 
preparation by intramuscular injection, with that in the 
rabbits administered with 1 ml of physiological saline or 1 ml 
of a 1.7% acetic acid solution, respectively by intramuscular 
injection. 

The results are summarized in Table 2. 
Test results 

Table 1 



Test preparation 


PH 


Hemol ysis 


Ex. 1 


10.5 


not 
observed 



Table 2 



Test preparation 


pH 


Necrotic area (mm 2 ) 


Ex. 1 


10.5 


63 


1 . 7% acetic acid 
solution (positive 
compar i son sol ution ) 




398 


physiological 
saline (negative 
comparison sol ution) 




31 
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(average of 3 rabbits) 

The preparation of the present invention is desirable as an 
injection, since it does not cause hemolysis at all despite the 
high pH, and causes less local irritation. 

Example 1 

IN Sodium hydroxide (2.3 ml) is added to 21.3 g of sodium 
salt of omeprazole (20 g as omeprazole), and water for 
injection is added thereto to adjust the pH to 11.5 and the 
total amount to 1 kg. 

After filtration for sterilization, this alkaline aqueous 
solution is charged in 10 ml vials by 2 g. A rubber plug is 
half driven in, and nitrogen displacement is performed. 
Lyophil izatlon by a conventional method and dissolution of the 
lyophilized product obtained in 10 ml of physiological saline 
give an omeprazole injection [4 mg (free compound) /ml ] . 

[INDUSTRIAL APPLICABILITY] 

The injection of the present invention is void of the 
necessity to lower pH so as to prevent hemolysis and local 
irritation, and to add a nonaqueous solvent such as polyethylene 
glycol to an aqueous solvent for dissolution so as to prevent 
concomitant degradation of dissolution property. As a result, 
irritation and hemolysis caused by the nonaqueous solvent can be 
avoided. Accordingly, the injection of the present invention 
can secure solubility sufficient for formulation into 
preparation and safety for the human body. 
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CLAIMS 

1. An injection comprising a 2-[ ( 2-pyr i dy 1 )methy 1 sul f i nyl ]- 
benz imidazol e compound or a salt thereof having antiulcer 
activity and an aqueous solvent added with no nonaqueous 
solvent, wherein the pH of the injection is not less than 9.5 
and not more than 11.5. 

2. The injection of Claim 1, prepared by dissolving a 
lyophilized product of an alkaline aqueous solution of the 2- 
[(2-pyridyl )methylsulf inyl ]benzimidazole compound or a salt 
thereof having antiulcer activity in the aqueous solvent added 
with no nonaqueous solvent. 

3. An injection kit comprising the following (a) and (b), 
wherein (a) and (b) are adjusted such that the pH upon 
dissolution of (a) in (b) is not less than 9.5 and not more than 
11.5; 

(a) : a lyophilized product of an alkaline aqueous solution of a 
2-[(2-pyridyl )methyl su 1 f inyl ]benz imi dazol e compound or a salt 
thereof having antiulcer activity 

(b) : an aqueous solvent added with no nonaqueous solvent. 

4. The injection of Claim 1 or 2, wherein the 2-[(2- 
pyridyl )methyl sulf inyl ]benz imidazol e compound or a salt thereof 
is sodium salt of omeprazole. 

5. The injection kit of Claim 3, wherein the 2-[(2-pyridyl )- 
methyl sulf inyl ]benzimidazole compound or the salt thereof is 
sodium salt of omeprazole. 
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NEW PHARMACEUTICAL FORMULATION 

5 Field of the invention 

The present invention is related to a new pharmaceutical formulation containing a 
novel physical form of a magnesium salt of omeprazole, to a method for the 
manufacture of such a formulation, and to the use of such a formulation in 
10 medicine. 

Background of the invention 

The compound known under the generic name omeprazole, 5-methoxy-2(((4- 
15 methoxy-3,5-dimethyl-2-pyridinyl)methyl)sulfinyl)-lH-benzimidazole, is described 
i.a. in EP-A 0 005 129. 

Omeprazole is useful for inhibiting gastric acid secretion and has gastric mucosa 
protective activity. In a more general sense, omeprazole may be used for 

20 prevention and treatment of gastric acid related disorders in mammals and man, 
including e.g. gastroesofageal reflux disease, gastritis, gastric ulcer and duodenal 
ulcer. Omeprazole is susceptible to degradation/transformation in acid reacting and 
neutral media. The half-life of degradation of omeprazole in water solutions at pH- 
values less than four is shorter than ten minutes. Also at neutral pH-values 

25 degradation proceeds rapidly, e.g. at pH=7 the half-life of omeprazole is about 14 
hours, while at higher pH-values the stability in solution is much better (Pilbrant 
and Cederberg, Scand. J. Gastroenterology 1985; 20 (suppl. 108) p. 113-120). 
Omeprazole also in the solid state is susceptible to degradation and is stabilized in 
mixtures with alkaline reacting compounds. The stability of omeprazole is also 

30 affected by moisture, heat, organic solvents and to some degree by light. 
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From what is said about the stability properties of omeprazole, it is obvious that an 
oral dosage form of omeprazole must be protected from contact with the acid 
reacting gastric juice and the active substance must be transferred in intact form to 
that part of the gastrointestinal tract where pH is near neutral and where rapid 
5 absorption of omeprazole can occur. 

A pharmaceutical oral solid dosage form of omeprazole must be protected from 
contact with acidic gastric juice by an enteric coating. In US-A 4,786,505 is 
described an enteric coated omeprazole preparation containing a separating subcoat 
10 between the core material and the enteric coating. Said preparation contains an 
alkaline core comprising omeprazole, a subcoating and an enteric coating. 

Certain salts of omeprazole including alkaline reacting salts of omeprazole are 
described in EP-A 0 124 495. In said patent specification the requirements and 
15 importance regarding storage stability of omeprazole for incorporation in 
pharmaceutical preparations are emphasized. 

There is however, a demand for the development of new enteric preparations of 
omeprazole with enhanced stability and for environmental aspects there is also a 
20 strong desire for the use of water based processes in production of pharmaceutical 
products. 

The isolation and purification in full manufacturing scale of the magnesium 
omeprazole salts described in EP-A 0 124 495 presents one major problem in that 
25 the magnesium omeprazole salt particles are very fragile making pharmaceutical 
manufacturing processes utilising this product less attractive in full scale 
production. Performing the process without crystallization of the magnesium 
omeprazole gives a product which is less suitable as a pharmaceutical substance. 

30 In order to use the magnesium salt of omeprazole, in this specification denoted 
magnesium omeprazole, in full manufacturing scale in preparing pharmaceutical 
formulations primarily for oral administration, such as tablets, it is necessary that 
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said magnesium omeprazole possesses a combination of properties which makes 
such full scale manufacturing feasible. 

The combination of physical properties of the novel magnesium omeprazole 
5 product described in the present specification with respect to the degree of 

crystallinity, particle diameter, density, hygroscopicity, low water content and low 
content of other solvents is favorable and permits the manufacture of magnesium 
omeprazole in a form which is useful for the manufacture of the new 
pharmaceutical formulation. 

10 

The novel form of magnesium omeprazole can be formulated into different dosage 
forms for oral and rectal administration. Examples of such formulations are tablets, 
granules, pellets, capsules, suppositories and suspensions. 

15 Description of the invention 

One object of the present invention is to provide a pharmaceutical formulation of 
magnesium omeprazole. 

20 Another object of the present invention is to provide a process for full scale 

production of pharmaceutical formulations of omeprazole, especially an enteric 
coated dosage form of omeprazole, which is resistant to dissolution in acid media 
and which dissolves rapidly in neutral to alkaline media and has a good stability 
during long-term storage. 

25 

Yet another object of the invention is to provide an environmental friendly 
completely water-based process for the manufacture of pharmaceutical formulations 
of omeprazole. 

30 The new dosage form is characterized in the following way. Core material in the 
form of pellets, granules or tablets containing the novel form of a magnesium salt 
of omeprazole, optionally together with an alkaline reacting compound, and on said 
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core material one or more subcoating layers optionally comprising tablet excipients 
which are soluble or insoluble but disintegrating in water, or polymeric, 
filmforming compounds, optionally containing pH-buffering, alkaline compounds 
between the core and an outer layer, which is an enteric coating. This/these inner 
5 layer/layers separates/separate the core material from the outer layer being an 
enteric coating. 

The process of forming the enteric coated dosage form is preferably water-based. 
Also the enteric coating process step, which usally is carried out using an organic 
10 solvent, can be carried out using a water-based process which is desirable both for 
the working environment inside the pharmaceutical plant and for global 
environmental reasons. 

It has been found that a magnesium omeprazole having a degree of crystallinity 
15 which is higher than 70% is useful in the manufacture of the pharmaceutical 
formulations of omeprazole according to the present invention. 

Detailed description of the invention 

20 The new pharmaceutical formulation is defined in claims 1-8, a process for the 

manufacture of the pharmaceutical formulation according to the present invention is 
defined in claims 9-10 and the use of the formulation in medicine is defined in 
claims 11-17. 

25 Magnesium omeprazole 

Magnesium omeprazole feasible for the manufacturing of the claimed formulation 
has the following properties: 



30 



a) 



Crystalline form, with a degree of crystallinity of not less than 70%, 
preferably higher than 75% as determined by X-ray powder diffraction 
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It is desirable that the product also exhibits the following properties; 



b) Particle size measured as mean mass diameter (MMD) less than 

30 pm, preferably less than 20 pm as determined by laser diffraction 
5 technique. 

c) Density between 1.33 g/cm 3 and 1.35 g/cm 3 as determined by powder 
pycnometer. 

10 d) Hygroscopicity not exceeding 2% increase of weight upon storage for one 
month up to 94% relative atmospheric humidity as determined 
gravimetrically. 

e) A content of water of between 5% and 10% by weight as determined by 
15 titration according to Karl Fischer. 

f) A content of methanol less than 0.1% preferably less than 0.05% by weight 
as determined by gas chromatography, in case methanol is used as solvent. 

20 The process for producing the novel form of magnesium omeprazole is 
characterized by the following consecutive steps 

1) treating omeprazole or a salt thereof with magnesium alcoholate in a solution 
25 2) separating inorganic salts from the reaction mixture 

3) crystallizing magnesium omeprazole 

4) isolating the obtained crystalline magnesium omeprazole and, optionally 



30 



5) purifying and drying the crystalline magnesium omeprazole using 
conventional methods. 
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The process for manufacturing the novel magnesium omeprazole can be described 
in the following way: 



A lower alcohol, such as methanol, ethanol, n-propanol or iso-propanol, preferably 
5 methanol, is treated in a solution of polar solvents with a weighed amount of 

magnesium at temperatures between 0°C and reflux temperature. The temperature 
should preferably be between 10 and 30°C. After addition of the magnesium to the 
solution the temperature can, in a second step be raised further to between 0°C and 
reflux temperature, preferably 20-50°C. After termination of the reaction the 

10 temperature is reduced to 0-40°C, preferably 10-25°C. Omeprazole or a salt of 
omeprazole is then added to the solution and after termination of the reaction the 
mixture is cooled to -10°C to +20°C, preferably -5°C to +5°C. The solvent is then 
evaporated to 40-60% of the initial volume, which makes the inorganic salts 
precipitate. The precipitate is separated from the reaction solution for example by 

15 centrifugation or filtration and the solution is heated to 5°C to 30°C whereafter the 
solution is seeded with magnesium omeprazole crystals. An amount of water, 
which is approximately equal to the volume of the solution, is added to start the 
crystallization. The solution is cooled to -10 to +20°C, preferably 0-1 0°C to 
complete the crystallization. The crystals are then separated from the mother liquid 

20 for example by centrifugation or filtration and washed with polar solvents 

preferably an aqueous lower alcohol such as aqueous methanol. Finally, the crystals 
are dried preferably under reduced pressure and heating. 

Pharmaceutical formulations containing the novel magnesium omeprazole described 
25 above are manufactured as described herein below. 



Core material 



The novel magnesium salt of omeprazole, herein referred to as magnesium 
30 omeprazole, is mixed with inert, preferably water soluble, conventional 

pharmaceutical constituents to obtain the preferred concentration of omeprazole in 
the final mixture. Optionally the magnesium omeprazole may be mixed with an 
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alkaline reacting, otherwise inert, pharmaceutically acceptable substance (or 
substances). Such substances can be chosen among, but are not restricted to 
substances such as the sodium, potassium, calcium, magnesium and aluminium 
salts of phosphoric acid, carbonic acid, citric acid or other suitable weak inorganic 
5 or organic acids; aluminium hydroxide/sodium bicarbonate coprecipitate; substances 
normally used in antacid preparations such as aluminium, calcium and magnesium 
hydroxides; magnesium oxide or composite substances, such as 
Al 2 0 3 .6MgO.C0 2 .12H 2 0, (Mg 6 Al 2 (OH) 16 C0 3 .4H 2 0), MgO.Al 2 0 3 . 
2Si0 2 .nH 2 0 or similar compounds; organic pH-buffering substances such as 
10 trihydroxymethylaminomethane, basic amino acids and their salts or other similar, 
pharmaceutically acceptable pH-buffering substances. 

The powder mixture is then formulated into pellets, granules or tablets, by 
conventional pharmaceutical procedures. The pellets, granules or tablets are used as 
15 core material for further processing. 

Separating layer - subcoating. 

The cores containing magnesium omeprazole and optionally alkaline reacting 
20 substances are separated from the enteric coating polymer(s). The subcoating layer, 
in the following defined as the separating layer, serves as a pH-buffering zone in 
which hydrogen ions diffusing from the outside in towards the core can react with 
hydroxyl ions diffusing from the core towards the surface of the coated particles. 
The pH-buffering properties of the separating layer can be further strengthened by 
25 introducing in the layer substances chosen from a group of compounds usually 

used in antacid formulations such as, for instance, magnesium oxide, hydroxide or 
carbonate, aluminium or calcium hydroxide, carbonate or silicate; composite 
aluminium/magnesium compounds such as, for instance 
Al 2 0 3 .6MgO.C0 2 .12H 2 0, (Mg 6 Al 2 (OH) 16 C0 3 .4H 2 0), 
30 MgO.Al 2 0 3 .2Si0 2 .nH 2 0, aluminium hydroxide/sodium bicarbonate coprecipitate 
or similar compounds; or other pharmaceutically acceptable pH-buffering 
compounds such as, for instance the sodium, potassium, calcium, magnesium and 
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aluminium salts of phosphoric, carbonic, citric or other suitable, weak, inorganic or 
organic acids; or suitable organic bases, including basic amino acids or salts 
thereof. 

5 The separating layer may consist of one or more layers. 

The separating layer(s) can be applied to the core material - pellets, granules or 
tablets - by conventional coating procedures in a suitable coating pan, centrifugal 
fluidized coating- granulator, or in a fluidized bed apparatus using water and/or 

10 conventional organic solvents for the coating solution. The material for the 

separating layer is chosen among pharmaceutically acceptable, inert compounds or 
polymers used for film-coating applications such as, for instance, sugar, 
polyethylene glycol, polyvinylpyrrolidone, polyvinyl alcohol, hydroxypropyl 
cellulose, methylcellulose, ethylcellulose, hydroxymethyl cellulose or 

15 hydroxypropyl methylcellulose. The separating layer, "subcoating", applied to the 
core material may constitute from approximately 0.5 to 25 % by weight of the core 
weight, preferably 2.0 - 10.0 %, and more preferably 2.5 - 5.0 %. 

In the case of a tablet formulation another method to apply the separating layer(s) 
20 can be performed by drycoating technique. First a tablet containing magnesium 

omeprazole is formulated as described above. Around this tablet one or more layers 
are compressed using a suitable tableting machine. The separating layer(s) consists 
of pharmaceutically acceptable, soluble or insoluble but in water disintegrating 
tablet excipients. The separating layer(s) has preferably a thickness of not less than 
25 approximately 1 mm. 

Ordinary plasticizers, colorants, pigments, titanium dioxide, talc and other additives 
may also be included into one or more of the separating layer(s). 



30 
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Enteric coating layer 

The enteric coating layer is applied in one or more layers onto the subcoated core 
material by conventional coating techniques such as, for instance, pan coating or 
fluidized bed coating using solutions of polymers in water, or by using latex 
suspensions of said polymers or optionally using polymer solutions in suitable 
organic solvents. As enteric coating polymers can be used one or more of the 
following, for example solutions or dispersions of acrylates (methacrylic 
acid/methacrylic acid methylester copolymer), cellulose acetate phthalate, 
hydroxypropyl methylcellulose phthalate, hydroxypropyl methylcellulose acetate 
succinate, polyvinyl acetate phthalate, cellulose acetate trimellitate, 
carboxymethylethylcellulose, shellac or other suitable enteric coating polymer(s). 
Preferably water-based polymer dispersions such as for example compounds known 
under the trade names Aquateric® (FMC Corporation), Eudragit® (Rohm Pharma), 
Aqoat (Shin-Etsu Chemical), Opadry (Colorcon) or similar compounds are 
used to obtain enteric coatings. The enteric coating layer can optionally contain a 
pharmaceutically acceptable plasticizer for example cetanol, triacetin, citric acid es- 
ters such as, those known under the trade name Citroflex® (Pfizer), phthalic acid 
esters, dibutyl succinate, polyethylene glycol (PEG) or similar plasticizers. The 
amount of plasticizer is usually optimized for each enteric coating polymer(s) and 
is usually in the range of 1-50 % of the enteric coating polymer(s). Dispersants 
such as talc, colorants and pigments may also be included into the enteric coating 
layer or sprayed onto the enteric coated material as an overcoat 

The thickness of the enteric coating may vary widely without influencing the in 
vitro release of omeprazole in test solutions which mimic in vivo conditions in 
man. To protect the acid susceptible omeprazole compound and to obtain an 
acceptable acid resistance, the enteric coating constitutes at least an amount of 
1.0 % by weight of the core weight, preferably at least 3.0 % and especially at 
least 6.0 %. The upper amount of the applied enteric coating is normally only 
limited by processing conditions. This possibility to vary the thickness of the 
enteric coating without deleterious influence on the release of omeprazole is 
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especially desirable in large scale processes. The enteric coating layer(s) may be 
applied on the pre-processed formulation containing subcoating layer(s) without 
exactly controlling the thickness of the applied coating layer(s). 

5 Thus, the formulation according to the invention consists of core material 
containing magnesium omeprazole optionally mixed with alkaline reacting 
compound(s). The addition of alJkaline reacting material is not necessary, in any 
sense, but such a substance may further enhance the stability of omeprazole. The 
core material is coated with an enteric coating rendering the dosage form insoluble 
10 in acid media, but disintegrating/dissolving in neutral to alkaline media such as, for 
instance the liquids present in the proximal part of the small intestine, the site 
where dissolution is wanted. The core material is further coated with an soluble or 
insoluble but in water disintegrating coating, optionally containing one or more pH- 
buffering substances, which separate the core material from the enteric coating. 

15 

Final dosage form 



The final dosage form is either an enteric coated tablet or capsule or in the case of 
enteric coated pellets or granules, these pellets or granules dispensed in hard 
20 gelatin capsules or sachets. The final dosage form may further be coated with an 

additional layer containing pigment(s) and/or colorant(s). It is essential for the long 
term stability during storage that the water content of the final dosage form 
containing magnesium omeprazole (enteric coated tablets, capsules, granules or 
pellets) is kept low. 

25 

Process 



A process for the manufacture of a dosage form according to the present invention 
represents a further aspect of the invention. After the forming of the core material, 
30 said material is first coated with the separating layer(s) and then with the enteric 
coating layer(s). The coating(s) are carried out as described above. Further another 
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aspect of the invention is that the pharmaceutical processes can be completely 
water- based. 

The preparation according to the invention is especially advantageous in reducing 
5 gastric acid secretion. It is administered one to several times a day. The typical 

daily dose of the active substance varies and will depend on various factors such as 
the individual requirements of the patients, the mode of administration and the 
disease. In general the daily dose will be in the range of 1-400 mg of omeprazole. 

10 The invention is illustrated in detail by the following examples. Example 1 
discloses the preparation of the novel magnesium omeprazole product, which 
product is suitable in manufacturing of the pharmaceutical formulations according 
to the present invention. Example 2 discloses compositions of different enteric 
coated tablets containing magnesium omeprazole and results from acid resistance 

15 test and in vitro dissolution test Examples 3 discloses tablet formulations with 
different thickness of the enteric coating, the obtained gastric acid resistance of 
said formulations and the in vitro release rate of omeprazole. Example 4 discloses 
an enteric coated pellet formulation. 

20 Examples 

The following detailed Example 1 will serve to illustrate a process for 
manufacturing the magnesium omeprazole, which will be used in the 
pharmaceutical preparations according to the present invention. 

25 

Example 1 

A reactor was filled with 2026 litres of methanol. The stirrer was started and the 
temperature was adjusted to 20°C. 3,90 kg of magnesium was added to the vessel 
30 and immediately thereafter 1 ,0 litre of CH^C^. The reactor was heated to 40°C 
and kept at this temperature for 60 min. It was then cooled to 15°C before the 
addition of 99,9 kg of omeprazole. The reactor was kept at this temperature for 
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60 min and then cooled to 0°C. The temperature was kept at this level for 30 
minutes before 1000 L of methanol were evaporated under vacuum and the 
inorganic solid salt was separated from the liquid first by centrifugation and then 
by filtration. The liquid was heated to 10°C and the liquid was seeded with 
5 magnesium omeprazole crystals whereafter the magnesium omeprazole salt was 
precipitated by addition of 900 L of water. The mixture was then cooled to 5°C. 
After the crystallization had been completed the magnesium omeprazole crystals 
were centrifuged off and then washed with a mixture of 50 L of methanol and 150 
L of water. The produced magnesium omeprazole was dried under reduced pressure 
10 finally producing 92,5 kg of crystalline product corresponding to a yield of 81,4%. 

The novel form of the magnesium salt of omeprazole according to Example 1 
fulfills the properties defined above. 



15 Example 2 



Tablet formulations containing magnesium omeprazole. 



Amount omeprazole 10 20 40 

20 Ingredient (mg/tabl) (mg/tabl) (mg/tabl) 

Tablet core 



Magnesium omeprazole 
25 Mannitol 

Microcrystalline cellulose 
Sodium starch glycolate 
Hydroxypropyl methylcellulose 
Talc 

30 Sodium stearyl fumarate 
Water purified 



11.2 22.5 45.0 

68.7 57.4 34.9 

25.0 25.0 25.0 

6.0 6.0 6.0 

6.0 6.0 6.0 

5.0 5.0 5.0 

2.5 2.5 2.5 

50.0 50.0 50.0 



WO 95/01783 



13 



PCT/SE94/00681 



Sub-coating layer 



15 



Hydroxypropyl methylcellulose 


3.7 


3.7 


3.7 


Hydrogen peroxide 30% 


0.04 


0.04 


0.04 


Water purified 


34.0 


34.0 


34.0 


Enteric coating layer 








ivietnacryiic acia copolymer 


O 1 


O 1 


O 1 


Polyethylene glycol 


1.0 


1.0 


1.0 


Titanium dioxide 


0.82 


1.1 


0.51 


Colour iron oxide,red-brown 


0.04 


0.13 


0.43 


Colour iron oxide, yellow 


0.02 






Water purified 


45.0 


45.0 


45.0 


Polish 








Paraffin powder 


0.05 


0.05 


0.05 



20 The tablets with an amount of 20 mg omeprazole/tablet have been manufactured 
both in a pilot scale of about 300 000 tablets and a large scale of about 2 million 
tablets. 

Description of manufacturing 

25 

Magnesium omeprazole, mannitol, hydroxypropyl methylcellulose, microcrystalline 
cellulose and sodium starch glycolate are dry-mixed, moistened with water and wet 
mixed. The wet mass is dried and milled and finally mixed with anti-adherent and 
lubricant substances. The milled granulate is compressed to tablets with a diameter 
30 of 7 mm. The tablets are sub-coated with a polymer film based on hydroxypropyl 
methylcellulose and enteric coated with a methacrylic acid copolymer film. Water 
used in the manufacture of the tablets is removed during subsequent processing. 
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Investigation of acid-resistance 

Six individual tablets were exposed to artificial gastric fluid without enzymes, pH 
1.2. After six hours the tablets were removed, washed and analysed for omeprazole 
5 content using HPLC. The amount of omeprazole is taken as acid resistance. 

Tablet Acid resistance 
Strength 

(mg) (%) 

10 

10 95 (93-98) 

20 100 (94-102) 

40 100 (96-103) 

15 Investigation of in-vitro dissolution 

After exposure to acid environment, pH L2, as described above, the medium was 
switched to artificial intestinal fluid without enzymes, pH 6.8. The dissolved 
amount of omeprazole was determined by HPLC. 

20 



Tablet 


Dissolved amount of omeprazole (%) after (minutes) 


Strength 


0 


5 


10 


15 


20 


25 30 


(mg) 


(%) 


(%) 


(%) 


(%) 


(%) 


(%) (%) 


25 10 


0 


2 


78 


92 


93 


94 94 


20 


0 


0 


75 


93 


96 


96 97 


40 


0 


9 


71 


86 


91 


91 94 



All values of dissolved amount of omeprazole are mean values of 12 tablets. 
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15 

Example 3 

Tablet formulations containing magnesium omeprazole with different thickness of 
the enteric coating. 

The composition of the tablets is the same as in Example 2 (20 mg omeprazole). 
The tablets (n=6) have been exposed in an artificial gastric juice (pH 1.2) during 
2 hours and then analysed for remaining amount of omeprazole (acid resistance). 
The release of omeprazole was analysed on tablets (n=6) pre-exposed in gastric 
juice 2 hrs and thereafter exposed in a buffer solution (pH 6.8) during 30 min. 

Experiment x ) Enteric coating Acid resistance Release 

(% weight per (% residue after {% after 30 min; 
tablet) 2h; pH 1.2) pH 6.8) 

A 8 101 (98-105) 94 (93-96) 

15 B 8 100 (98-102) 95 (85-98) 

C 16 98 (96-100) 

' A manufactured in large scale 
B manufactured in pilot scale 
20 C manufactured in laboratory scale 



Example 4 

Enteric coated pellet formulation containing magnesium omeprazole. 
Pellet core 



25 



Magnesium omeprazole 225 g 

Mannitol 1425 g 

30 Hydroxypropyl cellulose 60 g 

Microcrystalline cellulose 40 g 
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Lactose anhydrous 80 g 

Sodium lauryl sulphate 5 g 
Disodiurn hydrogen phosphate 

dihydrate 8 g 

5 Water purified 350 g 

Subcoating layer (I) 

Hydroxypropyl methylcellulose 70 g 

10 Water purified 1450 g 

Enteric-coating layer (II) 

Methacrylic acid copolymer 430 g 

15 Polyethylene glycol 40 g 

Water purified 1890 g 

Polish 

20 . Magnesium stearate 5 g 



The dry ingredients given above were mixed well in a mixer. Addition of 
granulation liquid was made and the mixture was kneaded and granulated to a 
proper consistency. The wet mass was pressed through an extruder and the granules 
25 were converted to spherical form in a spheronizer. The pellets were dried and 
classified into suitable particle size ranges, e.g. 0.5-1.5 mm. 

The polymer solution (I) was sprayed on the uncoated pellets in a fluidized bed 
apparatus under conditions suitable for the equipment used. 

30 

The polymer dispersion (II) was sprayed on the subcoated pellets in a fluidized bed 
apparatus. The enteric-coated pellets were classified, polishing material was 
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admixed and the pellets were filled into hard gelatin capsules in an amount 
corresponding to 20 mg of omeprazole, using a capsule filling machine. 



Biopharmaceutical tests. 

5 

The enteric coated formulations according to Example 2 have been tested in 
humans with good results. 
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CLAIMS 

1. An oral enteric coated formulation containing a core material of an active 
substance coated with one or more subcoating layers and one or more enteric 

5 coating layers characterized in that the core material as active substance contains 
a magnesium salt of omeprazole having a degree of crystallinity which is higher 
than 70 % as determined by X-ray powder diffraction and optionally an alkaline 
reacting compound, on the core material applied subcoating layer(s), separating the 
core material from the enteric coating whereby the thickness of the enteric coating 
10 does not essentially influence the release of omeprazole into aqueous solutions at 
pH values predominantly present in the small intestine. 

2. A formulation according to claim 1, wherein the formulation is a tablet 
formulation. 

15 

3. A formulation according to claim 1, wherein the formulation is a pellet 
formulation. 

4. A formulation according to claim 1, wherein the enteric coating comprising 
20 an enteric coating material, optionally containing one or more pharmaceutically 

acceptable plasticizers, dispersants, colorants and pigments. 

5. A formulation according to claim 4, wherein the enteric coating comprises 
water-based polymer solutions or dispersions of acrylates, hydroxypropyl 

25 methylcellulose acetate succinate, hydroxypropyl methylcellulose phthalate, 

polyvinyl acetate phthalate, cellulose acetate trimellitate and/or cellulose acetate 
phthalate. 

6. A formulation according to claim 1, wherein the enteric coating constitutes 
30 from 1.0 % by weight of the weight of the' core material. 
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7. A formulation according to claim 6, wherein the enteric coating constitutes at 
least 3.0 % by weight of the weight of the core material. 



8. A formulation according to claim 1 wherein the subcoating layer(s) comprise 
5 polymeric, filmforming compounds or tablet excipients which are soluble or 

insoluble but disintegrating in water, and optionally containing pH-buffering, 
alkaline compounds. 

9. A formulation according to claim 1 wherein the produced enteric coated 
10 formulation contains an overcoat, optionally comprising one or more 

pharmaceutically acceptable plasticizers, dispersants, colorants and pigments. 



10. A process for the manufacture of a formulation according to claim 1 in which 
the core material containing magnesium omeprazole optionally mixed with an 

15 alkaline reacting compound is coated with one or more subcoating layers, 

whereafter the subcoated core material is further coated with one or more enteric 
coating layers. 

11. A process according to claim 10, wherein the subcoating layer(s) is applied 
20 on the core material by a drycoating process. 

12. An oral enteric coated formulation according to any of claims 1 to 9 for use 
in therapy. 

25 13. An oral enteric coated formulation according to any of claims 1 to 9 for use 
in inhibiting gastric acid secretion in mammals and man. 



14. An oral enteric coated formulation according to any of claims 1 to 9 for use 
in the treatment of gastric acid related diseases in mammals and man. 



30 
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15. The use of an oral enteric coated formulation according to any of claims 
1 to 9 in the manufacture of a medicament for inhibiting gastric acid secretion in 
mammals and man. 

5 16. The use of an oral enteric coated formulation according to any of claims 
1 to 9 in the manufacture of a medicament for treatment of gastric acid related 
diseases in mammals and man. 

17. A method for inhibiting gastric acid secretion in mammals and man by 

10 administring to a host in need thereof a therapeutically effective dose of an enteric 
coated formulation according to any of claims 1 to 9. 

18. A method for the treatment of gastric acid related diseases in mammals and 
man by administring to a host in need thereof a therapeutically effective dose of an 

15 enteric coated formulation according to any of claims 1 to 9. 
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SUBSTITUTED BENZEVHD AZOLE , PROCESSES FOR ITS 
PREPARATION AND ITS PHARMACEUTICAL USE 

DESCRIPTION 

5 Field of the invention 

The object of the present invention is to provide novel, stable compounds, 
which inhibit exogenously or endogenously stimulated gastric acid 
secretion and thus can be used in the prevention and treatment of peptic 
ulcer. Furthermore the novel compounds may be used in the treatment of 
10 psoriasis and the treatment of Helicobacter infections. 

The invention also relates to the use of the novel compounds in medicine, 
to pharmaceutical compositions containing said compounds as 
therapeutic ingredient. In a further aspect, the invention relates to 
15 processes for preparation of the new compounds, new intermediates and 
the use of the active compounds for the preparation of pharmaceutical 
compositions for the medical use indicated above. 

It is a specific primary object of the invention to provide compounds with 
20 a good solid state stability and a high level of bioavailability. The 

compounds of the invention shall also exhibit good stability properties at 
neutral and acidic pH, a good potency in regard to inhibition of gastric 
acid secretion and shall not block the uptake of iodine into the thyroid 
gland. 

25 

Prior art and background of the invention 

Different benzimidazole derivatives intended for inhibiting gastric acid 
secretion are disclosed in numerous patent documents. Among these can 
be mentioned the compound 5-methoxy-2[[(4-methoxy-3,5-dimethyl-2- 
30 pyridinyl)methyl]-stilfinyl]-lH-benzimidazole, generic name omeprazole, 

disclosed in EP 5129, and its single enantiomers. The isomeric mixture of 
the compounds 5-carbomethoxy-6-methyl-2-(((3,4-dimethoxy-2- 
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pyridmyl)methyl)sulfin^ ethyl carbonate 

and 6-carbomethoxy-5-methyl-2-(((3,4-dimethoxy-2- 

pyridinyl)methyl)sulfinyl>lH-be ethyl carbonate 

is described in the International Appl. WO 91/19711. The compounds 
5 being sulfoxides, have an asymmetric center in the sulfur atom, i.e. exist 
as two optical isomers (enantiomers). The compounds disclosed in said 
International Patent Application inhibit exogenously or endogenously 
stimulated gastric acid secretion and are useful in the prevention and 
treatment of peptic ulcer. 

10 

It is desirable to obtain compounds with an improved and reproducible 
stability, especially in the solid state, to further enhance the usefulness 
of this type of drugs. A high and reproducible stability in the solid state 
is especially requested for storage purposes. A compound with such a 
15 high solid state stability would also be easier to handle (use) in the 
preparation of pharmaceutical formulations. A high bioavailability, a 
high potency in inhibiting gastric acid secretion and also a high chemical 
stability at neutral and acidic pH are still desired. 

20 Furthermore, it is desirable to obtain the pure isomeric compound in the 
form of its single enantiomers with respect to improved pharmacokinetic 
and metabolic properties of such compounds. 

There is no examples given in prior art of the isolated and characterized 
25 compounds of the invention. 

Outline of the invention 

The compounds of the invention are effective as inhibitor of gastric acid 
secretion in mammals including man and do not block the uptake of 
30 iodine into the thyroid gland. 



It is unexpectedly found that the new compounds, i.e. the pure isomeric 
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3 

compound or its single enantiomers, show a higher chemical stability in 
the solid state compared to the isomeric mixture m a kin g the compounds 
especially useful in the preparation of pharmaceutical formulations. It 
has also been found that the new compounds show high bioavailability 
5 and exhibit a high chemical stability also at acidic pH making the 
compounds useful for non-enteric coated peroral formulations. 



The compounds of the invention are 5-carbomethoxy-6-methyl-2-(((3,4- 
dimethoxy-2-pyridinyl)methyl)sulfmyl)- lH-benzimidazole- 1-ylmethyl 
10 ethyl carbonate and its single enantiomers of the formula la and lb. 



15 



20 



OCH3 



CH 3 

H£"™""0 — O - G H2 C H3 

o 



la (+)-enantiomer 
lb (-)-enantiomer 

The compound of the invention has an asymmetric centre in the sulfur 
25 atom, i.e.exists as two optical isomers (two enantiomeric forms). The two 
pure enantiomeric forms (la, lb), the racemic mixture as well as unequal 
mixtures of the two are within the scope of the present invention. 

The compounds are substantially free from 6-carbomethoxy-5-methyl-2- 
30 (((3,4-dimethoxy-2-pyridinyl)methyl)siilfinyl)- lH-benzimidazole-1- 

ylmethyl ethyl carbonate or its single enantiomers. Further, the optically 
pure (+)-5-carbomethoxy-6-methyl-2-(((3,4-dimethoxy-2- 
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pyridmyl)methyl)sulfinyl>lH^ ethyl carbonate, 

hereinafter called the (+)-5-isomerj is substantially free from the 
corresponding (-)-S-isomer and the opposite. 

5 It is believed that the compounds of the invention are metabolized into 
the corresponding compounds, carrying H in the N-l position, (compound 
A) before exerting its effect. 




H 

15 



The present invention also relates to the use of the compounds of the 
invention for inhibiting gastric acid secretion in mammals including man. 
In a more general sense, the compounds of the invention may be used for 
prevention and treatment of gastrointestinal inflammatory diseases, and 

20 gastric acid-related diseases in mammals including man, such as 

gastritis, gastric ulcer, duodenal ulcer, reflux esophagitis, and Zollinger- 
Ellison syndrome. Furthermore, the compounds may be used for 
treatment of other gastrointestinal disorders where gastric antisecretory 
effect is desirable e.g. in patients on NSAID therapy, in patients with 

25 gastrinomas, and in patients with acute upper gastrointestinal bleeding. 
They may also be used in patients in intensive care situations, and pre- 
and postoperatively to prevent acid aspiration and stress ulceration. The 
compounds of the invention may also be used for treatment or 
prophylaxis of inflammatory conditions in mammals, including man, 
30 especially those involving lysozymal enzymes. Conditions that may be 
specifically mentioned are rheumatoid arthritis and gout. Furthermore 
the compounds of the invention may be useful in the treatment of 
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psoriasis as well as in the treatment of Helicobacter infections. 



The invention also relates to pharmaceutical compositions containing the 
compounds of the invention, as active ingredient. In a further aspect, the 
5 invention relates to processes for preparation of the new compounds, new 
intermediates and the use of the active compounds for the preparation of 
pharmaceutical compositions for the medical use indicated above. 

Preparation 

10 The compounds of the invention may be prepared according to one of the 
following methods a, b or c: 

a) Reacting a compound of the formula I or its single enantiomers or 
an isomeric mixture of the two compounds of the formula II or their 
15 single enantiomers 



QCH 3 



20 




I 




WO 95/15962 



PCT/SE94/01093 



6 



5 




10 

wherein Z is either a metal cation such as Na + , K*, Li + or Ag + or a 
quaternary ammonium ion, such as tetrabutylammonium, with 
chloromethyl ethyl carbonate. 

15 b) Reacting a compound of the formula I or its single enantiomers or 
an isomeric mixture of two compounds of the formula II or their single 
enantiomers, wherein Z is hydroxymethyl with a compound of the 
formula HE, 

20 x.c(o>o-ch 2 ch 3 m 

wherein X is CI or imidazole or p-nitrophenoxy or a functionally 
equivalent group, in the presence of a suitable base such as 
triethylamine. 

25 

The reactions according to a) and b) are suitably carried out under 
protective gas in the absence of water. Suitable solvents are 
hydrocarbons such as toluene or benzene or halogenated hydrocarbons 
such as methylene chloride or chloroform or acetone, acetonitrile or 
30 dimethyl- formamide. The reactions may be carried out at a temperature 
between the ambient temperature and the boiling temperature of the 
reaction mixture. 
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c) Oxidizing a compound of the formula IV or an isomeric mixture of 
two compounds of the formula V, 



5 



10 



OCH 3 
^L^OCH 3 

^NT^CH 2 S < 



? 




C-OCH, 



CH, 



IV 



CH 2 — 0-^-0—CH 2 CH 3 



15 



20 



OCH3 

,OCH 3 



CH 2 — — S 



I^^^^^^C— OCH a 



ChU C 



)Hz O-C-O-CH2CH3 

O 



25 



30 
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OCH 3 

A^ ocH3 



5 




V 



This oxidation may be carried out by using an oxid izin g agent such as 
15 nitric arid, hydrogen peroxide, (optionally in the presence of vanadium 
compounds), peracids, peresters, oxone, oxaziridines, ozone, 
dinitrogentetraoxide, iodosobenzene, N-halosuccinimide, 
1-chlorobenzotriazole, t-butylhypochlorite, diazabicydo-[2,2,2]-octane 
bromine complex, sodium metaperiodate, selenium dioxide, manganese 
20 dioxide, chromic acid, cericammonium nitrate, bromine, chlorine, and 

sulfuryl chloride. The oxidation usually takes place in a solvent such as 
halogenated hydrocarbons, alcohols, ethers, ketones. 

The oxidation may also be carried out enzymatically by using an 
25 oxidizing enzyme or microbiologically by using a suitable microorganism. 

When mixtures of structural isomers are obtained in any of the above 
methods, the compounds of the invention is isolated by means of 
crystallization or chromatography. 

30 

The expressions "pure isomeric compound" and "substantially free from" 
are used with the intention that the compounds of the invention shall 



WO 95/15962 



PCT/SE94/01093 



9 

have a purity which is sufficient according to stability, preferably the 
compounds of the invention should have a purity of more than 90%, 
preferably more than 97%. 

5 In some cases the starting materials utilized in the methods a) - c) are 
unknown. These unknown starting materials may be obtained from 
known compounds by utilizing processes known per se. 

Chloromethyl ethyl carbonate may be obtained from ethanol by 
10 treatment with chloromethyl chloroformate in the presence of pyridine. 

Intermediates of formula I and II, wherein Z is hydroxymethyl are 
obtained by reaction of the corresponding benzimidazole compounds 
carrying H in the N-l position with formaldehyde. 

15 

Starting materials of the formula HI may be obtained by known 
methods, e.g. from ethanol by treatment with phosgene or 1,1-carbonyl 
diimidazole or p-nitrophenyl chloroformate. 

20 Starting materials of formula I and IV can be obtained from the isomeric 
mixtures of formula II and V by means of crystallization or 
chromatography. 

For clinical use the compound of the invention is formulated into 
25 pharmaceutical formulations for oral, rectal, or other modes of 

administration. The pharmaceutical formulation contains the compound 
of the invention normally in combination with a pharmaceutically 
acceptable carrier. The carrier may be in the form of a solid, semi-solid 
or liquid diluent, or a capsule. These pharmaceutical preparations are a 
30 further object of the invention. Usually the amount of active compound is 
between 0.1-95% by weight of the preparation, and between 1-50% by 
weight in preparations for oral administration. 
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In the preparation of pharmaceutical formulations contai n i n g a 
compound of the present invention in the form of dosage units for oral 
adminstration the compound may be mixed with a solid, powdered 
carrier, such as lactose, saccharose, sorbitol, mannitol, starch, 
5 amylopectin, cellulose derivatives, gelatin, or another suitable carrier, 
stabilizing substances such as alkaline compounds e.g. carbonates, 
hydroxides and oxides of sodium, potassium, calcium, magnesium and 
the like, as well as with lubricating agents such as magnesium stearate, 
calcium stearate, sodium stearyl fumarate and polyethylenglycol waxes. 

10 The mixture is then processed into granules or pressed into tablets. 
Granules and tablets may be coated with an enteric coating which 
protects the active compound from acid catalyzed degradation as long as 
the dosage form remains in the stomach. The enteric coating is chosen 
among pharmaceutically acceptable enteric-coating materials e.g. 

15 beeswax, shellac or anionic film-forming polymers such as cellulose 
acetate phthalate, hydroxypropyl-methylcellulose phthalate, partly 
methyl esterified methacrylic acid polymers and the like, if preferred in 
combination with a suitable plasticizer. To the coating various dyes may 
be added in order to distinguish among tablets or granules with different 

20 active compounds or with different amounts of the active compound 
present. 

Soft gelatine capsules may be prepared with capsules cont ainin g a 
mixture of an active compound of the invention, vegetable oil, fat, or 

25 other suitable vehicle for soft gelatine capsules. Soft gelatine capsules 
may also be enteric-coated as described above. Hard gelatine capsules 
may contain granules or enteric-coated granules of the active compound. 
Hard gelatine capsules may also contain the active compound in 
combination with a solid powdered carrier such as lactose, saccharose, 

30 sorbitol, mannitol, potato starch, amylopection, cellulose derivatives or 
gelatine. The hard gelatine capsules may be enteric-coated as described 
above. 
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Dosage units for rectal administration may be prepared in the form of 
suppositories which contain the active substance mixed with a neutral 
fat base, or they may be prepared in the form of a gelatine rectal capsule 
which contains the active substance in a mixture with a vegetable oil, 
5 paraffin oil or other suitable vehicle for gelatine rectal capsules, or they 
may be prepared in the form of a dry micro enema, or they may be 
reconstituted in a suitable solvent just prior to administration. 

Liquid preparation for oral administration may be prepared in the form 
10 of syrups or suspensions, e.g. solutions or suspensions containing from 
0.2% to 20% by weight of the active ingredient and the remainder 
consisting of sugar or sugar alcohols and a mixture of ethanol, water, 
glycerol, propylene glycol and/or polyethylene glycol. If desired, such 
liquid preparations may contain colouring agents, flavouring agents, 
15 saccharine and carboxymethyl cellulose or other thickening agents. 

Liquid preparations for oral administration may qIbo be prepared in the 
form of a dry powder to be reconstituted with a suitable solvent prior to 
use. 

20 The typical daily dose of the active substance will depend on various 

factors such as for example the individual requirement of each patient, 
the route of administration and the disease. In general, oral dosages will 
be in the range of 5 to 500 mg per day of active substance. 

25 The invention is illustrated by the following example. 

Example 1. 



30 



Preparation of 5'Carbomethoxv-6>methyl'2-rr(3,4-dimethoxv-2- 



pyric^nvDmethvl1sidfinvl1-lH-ben2imi dfl7n1^1- Ylmethvl ethyl carbonate 
2-Phenylsulfonyl-3-(4-nitrophenyl)oxaziridine (707 mg, 2.3 mmol) was 
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added into a solution of 5-<^bomethoxy-6-methyl-2~ff^ 
pyridmyl)methyl]ttoo]-lH^ ethyl carbonate 

(1.0 g, 2.1 mmol) in methylene chloride (20 ml). 

The mixture was stirred at room temperature overnight and evaporated 
5 to dryness. Column chromatography (silica gel, EtOAc/hexane) gave the 
crude compound (800 mg). Re-crystallization from ethanol gave the title 
compound (97% isomeric purity according to chromatographic analysis 
and 98% in NMR analysis). Yield 610 mg (59%). 
1 H NMR (300MHz) 

10 

1.29 (t,3H), 2.76 (s,3H), 3.89 (s,3H), 3.90 (s,3H), 3.92 (s,3H), 4.24 (q,2H), 
4.97 (q,2H), 6.50 (q,2H), 6.78 (d,lH), 7.49 (s,lH), 8.14 (d,lH) and 8.40 
(s,lH). 

15 Example 2. 

Preparation of (4-V5"Carbomethoxv*6'methvl-2-rr(3 i 4-dimethoxv>2- 
pyridinvl)methvl1sidfinvn-lH»ben2imidazole-l>vlmethvl ethyl carbonate 

20 (+)-5-carbomethoxy-6-methyl-2-[[^ 

sulfinyl]-lH-benzimidazole 4.6 g (12 mmol) was mixed with potassium 
carbonate 2.0 g (14 mmol) in acetonitrile (200 ml). Chloromethyl ethyl 
carbonate 1.8 g (13 mmol) was added together with acetonitrile (100 ml). 
The resultant mixture was stirred at ambient temperature for 14 h and 

25 then the solvent was removed on a rotavapor. The residue was 

partitioned between water (100 ml) and methylene chloride (200 ml). The 
organic layer was separated, dried over Na2SO^ and then removed to 
give 5.3 g crude oily residue. The ratio of regioisomers in the crude 
product was 65:35 in favour of the desired component. Crystallisation 

30 from ethyl acetate (50 ml), freshly treated with NH 3 (g), afforded 0.66 g 
of a white solid contaminated with 5% of the undesired regioisomer. The 
product was dissolved in methylene chloride and the solution was 
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immediately evaporated. The residue was treated with ethyl acetate (10 
ml) to give 0.43 g (7%) of the desired product in the form of a white solid, 
m.p. 148°-151°C. Chromatographic analysis (chiral AGP) showed that the 
product consisted of less than 1% of the undesired regioisomer and less 
5 than 1% of the undesired stereoisomer. 
[a] D + 130.3° (c=l% chloroform). 

NMR data are given below. 

10 Example 3. 

Preparation of (O-S-carbomethoxv-e-methvl^-rrO^-dimethoxv^- 
pvridinvl)methvl1sulfinvlVlH-benzimidazole-l-vlmethvl ethyl carbonate 

15 (-)-5-carbomethoxy-6-methyl-2-[[(3,4-d 

sulfinyl]- IH-benzimidazole 0.93 g (2.4 mmol) was mixed with potassium 
carbonate 0.40 g (2.9 mmol) in acetonitrile (50 ml). Chloromethyl ethyl 
carbonate 0.37 g (2.6 mmol) was added together with acetonitrile (25 ml). 
The resultant mixture was stirred at ambient temperature for 14 h and 

20 then the solvent was removed on a rotavapor. The residue was 

partitioned between water (25 ml) and methylene chloride (50 ml). The 
organic layer was separated, dried over Na 2 S0 4 and then removed to 
give 1.0 g crude oily residue. The ratio of regioisomers in the crude 
product was 65:35 in favour of the desired component. Crystallisation 

25 from ethyl acetate (10 ml), freshly treated with NHg(g), afforded 0.21 g 
of a white solid contaminated with 5% of the undesired regioisomer. The 
product was dissolved in methylene chloride and the solution was 
immediately evaporated. The residue was treated with ethyl acetate (5 
ml) to give 0.10 g (9%) of the desired product in the form of a white solid, 

30 m.p, 148°-151°C. Chromatographic analysis (chiral AGP) showed that the 
product consisted of less than 1% of the undesired regioisomer and less 
than 1% of the undesired stereoisomer. 
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[a] D - 131.6° (c=l%, chloroform). 
NMR data are given below. 



5 Exj. Solvent NMR data 8 ppm 

2 CDC1 3 1.28 (t,3H), 2.75 (s, 3H), 3.88 (s, 3H), 3.90 (s,3H), 3.91 (s, 
300 MHz 3H), 4.23 (q, 2H), 4.88-5.07 (AB-system, 2H), 6.44-6.54 

(AB-system, 2H), 6.78 (d, 1H), 7.48 (s, 1H), 8.13 (d, 1H), 
10 8.39 (s,lH). 

3 CDC1 3 1.29 (t, 3H), 2.76 (s, 3H), 3.89 (s, 3H), 3.90 (s, 3H), 3.92 (s, 
300 MHz 3H), 4.23 (q, 2H), 4.89-5.07 (AB-system, 2H), 6.45-6.55 

(AB-system, 2H), 6.78 (d, 1H), 7.49 (s, 1H), 8.14 (d, 1H), 
15 8.40 (s, 1H). 

Preparation of intermediates 



20 



Example A. 

Preparation of 5-carbomethoxv-6-methvl-2-rr(3.4-dimethoxv-2- 
pvridinvDmethvllthiol-lH-beriTnTriiHflzole-l-vlmethvl ethvl carbonate 



To a suspension of 5-carbomethoxy-6-methyl-2-[[(3,4-dimethoxy-2- 
25 pyridmyl)methyl]tmo]-lH-benzimidazole (8.5 g, 23 mmol) in acetonitrile 
(100ml) were added K2CO3 (6.3 g, 46 mmol) and then chloromethyl ethyl 
carbonate (3.5 g, 25 mmol). The mixture was stirred overnight. More 
chloromethyl ethyl carbonate (1.0 g) was added. The mixture was in total 
stirred for 48 h and then evaporated to dryness. Methylene chloride (300 
30 ml) and water (100 ml) were added to the residue. Methylene chloride 
layer was separated, dried (MgS0 4 ) and evaporated. Crude product 
mixture (10.8 g) was obtained. 
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The title compound was purified by re-crystallizations from ethanol. Most 
of the by-products (6-carbomethoxy-5-methyl-2-[[(3,4-dm 
pyridmyl)methyl]tfrio]-lH-ben^ ethyl carbonate and 

an intermediate compound) were first crystallized out and the majority of 
5 the title compound was left in mother-liquor. When the title compound in 
the mother-liquor was enriched to ca 85% in the mixture, the mother- 
liquor was evaporated to dryness. The title compound (96% isomeric 
purity according to NMR analysis) was obtained by a couple of re- 
crystallizations of the residue from ethanol. Yield 1.35 g (12%), 

10 

J H NMR (300MHz) 

1.28 (t,3H), 2.71 (s,3H), 3.91 (s br,9H), 4.21 (q,2H), 4.83 (s,2H), 
6.08 (s,2H), 6.78 (d,lH), 7.32 (s,lH), 8.20 (d,lH), and 8.29 (s,lH). 

15 

Example B. 

Preparation of (4-)-5-carbomethoyy-6-methvl-2-rr(3,4-dimethoxy-2- 
pyridinvl)methvl1stilfinvl1-lH-ben2imidazole 

The crude product of the diastereomers of a mixture of two regioisomeric 
mandelic esters, namely 5-carbomethoxy-6-methyl-2-[[(3,4-dimethoxy-2- 
pyridmyl)methylKIVS)-sxilfi^ 

benzimidazole and 6-carbomethoxy-5-methyl-2-[[(3,4-dimethoxy-2- 
pyridmyl)methyl]-(I^ 

be nzimidaz ole (1.8 g, 3.3 mmol) was divided into three parts. Each part 
was chroma to graphed on a reversed phase column (HPLC, Kromasil C8) 
in order to separate the diastereomers. The stereoisomers were easily 
separated by elution with a mixture of aqueous 0.1 M ammonium acetate 
and acetonitrile (70/30), but each separated diastereomer consisted of a 
mixture of the two regioisomers. These intermediates were used directly 
in their solutions during the hydrolyses; To the acetonitrile/aqueous 
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solutions of the more lipophilic diastereomer were added 1 M aqueous 
solutions of NaOH until the pH was around 12-13. After 5 minutes the 
solutions were neutralized with 3.0 M aqueous solutions of NH 4 C1. The 
solutions from each preparation were combined and extracted with 
5 methylenechloride whereupon the organic phases were dried over 
Na 2 S0 4 . Removal of the solvents and flash chromatography of the 
residue (silica gel, methanol-methylenechloride gradient 1-8%) yielded 
250 mg of a yellow oil. The product was crystallised by adding 
acetonitrile (3 ml) and after filtration there was obtained 210 mg (32%) 
10 of the title compound as white crystals m.p. 171-173°C. [a] 20 D = +153.1° 
(c=0.5%, chloroform). 

Example C. 

15 Preparation of (-)-5-carbomethoxv-6-methvl-2-rr(3.4-d imethoxv-2- 
pyridinvDmethvlIP' ij fi n yl -lH-benzimidazole 

To the acetonitrile/aqueous solutions of the less lipophilic diastereomer of 
5-carbomethoxy-6-methyl-2-[[(3,4-dimethoxy-2-pyridinyl)methyl]-(R/S)- 
20 sulfinyl]-l-[(R)-mandeloyloxymethyl]-lH-benzimidazole and 6- 

carbomethoxy-5-methyl-2-[[(3,4-6^ethoxy-2-pyridmyl)methyl]-(R/S)- 
siilfinyl]-l-[(R)-raandeloyloxymethyl]-lH-benzimidazole (obtained from 
the very same reversed phase chromatographic preparations described in 
Example B) were added 1.0 M NaOH until the pH was around 12-13. 
After 5 minutes the solutions were neutralized with 3.0 M aqueous 
solutions of NH 4 C1. The solutions from each preparation were combined 
and extracted with methylenechloride whereupon the organic phases 
were dried over Na^SC^. Removal of the solvents and flash 
chromatography of the residue (silica gel, methanol-methylenechloride 
gradient 1-8%) yielded 270 mg of a yellow oil. The product was 
crystallized by adding acetonitrile (3 ml) and after nitration there was 
obtained 210 mg (32%) of the title compound as white crystals m.p. 173- 
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174°C. 

[a] 20 D = -150.0° (c = 0.5%, chloroform). 



Example D. 

5 Preparation of 5'Carbomethoxv-6-methvl>2-rr(3,4-dimethoxv-2- 
pyricKnyl)methvn-(R/S>sultovl]-l-(R)-mandelovloxvmetlivl1-lH- 
benzimidazole and 6-carbomethoxv>5-methvl-2"rr(3 > 4«dimethoxv-2" 
pyridinvl)methvlHR^S)-sulfin^ 
benzimidazole 

10 

A solution of 0.33 g (8.2 mmol) sodium hydroxide in 1.6 ml water was 
added to a mixture of 1.4 g (4.1 mmol) tetrabutylammonium hydrogen 
sulfate and 0.62 g (4.1 mmol) of (R)-(-)-mandelic acid. Chloroform (50 ml) 
and a mixture of 5-carbomethoxy-6-metiiyl-2-[[(3,4-dimethoxy-2-pyridinyl- 
15 methyl]-sulfinyl]-l-(cUoromethyl>lH-benzimidazole and 6-carbomethoxy- 
5-methyl-2-[[3,4-dimethoxy-2-pyri^ 

lH-ben zimi dazole (as racemates) were added and the mixture was 
refluxed for 3 hours. The reaction mixture was chilled and then 
partitioned between ethyl acetate and water. The layers were separated 
20 and the organic phase was washed with water and dried over Na2SO^. 
Removal of solvents yielded a diastereomeric mixture of the two 
regioisomeric mandelic esters. The crude product was used directly in the 
chromatographic step where the diastereomers were separated 
(Examples B and C). Yield: 2.4 g, 62%. 

25 

Biological Effects 



Bioavailability 

Bioavailability, is assessed by calculating the quotient between the areas 
30 under blood/plasma concentration (AUG) curve of the compound A 
following 1) intraduodenal (id) or oral (po) administration of the 
compound of the invention and 2) intravenous (iv) administration of 
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compound A, form the rat and the dog. Low, therapeutically relevant 
doses, were used. Data are provided in Table I. 

Potency for inhibition n f acid secretion 
5 The potency for inhibition of acid secretion is measured in the female rat, 
oral administration and in the dog, oral admmistration. 
Potency data are provided in Table I. 

Effects on the uptake of iodine into the thvroid gland. 
10 The effect of the compound of the invention on the uptake of iodine into 
the thyroid gland is measured as an effect on the accumulation of I in 
the thyroid gland of the compound A, that is the active compound 
generated in the metabolism of the compound of the invention. 



15 Biological tests 

Inhibition of Gastric Acid Secretion in the Conscious Female Rat. 

Female rats of the Sprague-Dawley strain are used. They are equipped 
with cannulated fistulae in the stomach (lumen), for collection of gastric 
20 secretions. A fourteen days recovery period after surgery is allowed 
before testing is commenced. 

Before secretory tests, the animals are deprived of food but not water for 
20 h. The stomach is repeatedly washed through the gastric cannula, and 

25 6 ml of Ringer-Glucose is given s.c. Acid secretion is stimulated with 
infusion during 2.5 h (1.2 ml/h, s.c) of pentagastrin and carbachol (20 
and 110 nmol/kg h, respectively), during which time gastric secretions 
are collected in 30-min fractions. Test substance or vehicle are given 
orally 120 min before starting the stimulation, in a volume of 5 ml/kg. 

30 Gastric juice samples are titrated to pH 7.0 with NaOH, 0.1 mol/ L, and 
acid output is calculated as the product of titrant volume and 
concentration. Percentage inhibition was calculated from group mean 
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responses (n=6-10/group) and the EDgQ-value was obtained from a 
graphical interpolation on the log dose-response curve. The results are 
based on acid output during the period 2.5-4.5 hours after dosing. 

5 Bioavailability in the Male Rat. 

Male adult rats of the Sprague-Dawley strain were used. 1-3 days, prior 
to the experiments, all rats were prepared by cannulation of the left 
carotid artery under anaesthesia. The rats used for the intravenous 

10 experiments, were also cannulated in the jugular vein. (Ref. V Popovic 
and P Popovic, J Appl Physiol 1960;15,727-728). The rats for the 
intraduodenal experiments, were also cannulated in the upper part of the 
duodenum. The cannulas were exteriorized at the nape of the neck. The 
rats were housed individually after surgery and were deprived of food, 

15 but not water, before administration of the test substance. The same 

dose (4 pmol/kg) were given iv and id as a bolus for about one minute (2 
ml/kg). 

Blood samples (0.1-0.4 g) were drawn repeatedly from the carotid artery 
20 at intervals up to 4 hours after given dose. The samples were frozen as 
soon as possible until analysis of the test compound. 

The area under blood concentration vs time curve, AUC, for the 
compound A, determined by the linear trapezoidal rule and extra polated 
25 to infinity by dividing the last determined blood concentration by the 

elimination rate constant in the terminal phase. The systemic bioavaila- 
bility (F%) of the compound A following intraduodenal administration of 
compounds of the invention of formula I was calculated as 

AUC(Compound A) id(compound of ^ fc^t^ 

x 100 

AUCCCompound A) iy(Compouild A) 



30 

P(%) = 
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Inhibition of Gastric Acid Secretion and Bioavailability in the Conscious 
Dog 

Harrier dogs of either sex were used They were equipped with a 
5 duodenal fistula for the administration of test compounds or vehicle and 
a Heidenhain-pouch for the collection of gastric secretions. Before 
secretory tests the animals were fasted for about 18 h but water was 
freely allowed. Gastric acid secretion was stimulated by a continuous iv 
infusion (12 ml/h) of histamine dihydrochloride at a dose producing 

10 approximatively 80% of the individual maximal secretory response, and 
gastric juice collected in "consecutive" 30-min fractions. The duration of 
the histamine infusion was 6.5 hours. The test compound or vehicle were 
given orally, iv in a volume of 0.5 ml/kg. The time of administration was 
1.5 hours after the start of the histamine infusion. In the case of oral 

15 administration, the compound was thus given directly into the acid 
secretory main stomach. 

The acidity of the gastric juice samples were determined by titration to 
pH 7.0, and the acid output determined. Percentage inhibition was 

20 individually calculated with reference to acid output in control 

experiments with vehicle. These calculations were based on absolute or 
fractional rates of acid output. In the latter case, the acid output after 
administration of test compound or vehicle was expressed as fractions of 
the acid output immediately before the administration. EDgQ-values 

25 were obtained by graphical interpolation of log dose-response curves with 
2-3 dose levels and 2-4 dogs. The results are based on secretory 
responses 3 hours after dose. 

Blood samples for the analysis of test compound concentration in plasma 
30 were taked at intervals up to 5 hours after dosing. Plasma was separated 
and frozen within 30 min after collection and later analyzed. AUC (area 
under the plasma concentration - time curve) from time zero to 5 hours 



WO 95/15962 



PCT/SE94/01093 



21 

after dose for compound A, was calculated by the linear trapezoidal rule. 
The systemic bioavailability (F%) of the compound A after oral 
administration of compounds of the invention was calculated as described 
above in the rat model. 

5 

Effect on the accumulation of 125 I in the thyroid gland 

The accumulation of 125 I in the thyroid gland was studied in male, 
Sprague-Dawley rats which were deprived of food for 24 hours before the 
test. The experimental protocol of Searle, CE et al. (Biochem J 1950; 
10 47:77-81) was followed. 



Test substance, suspended in 0.5% buffered (pH 9) Methocel, was 
administered by oral gavage in a volume of 5 ml/kg body weight. After 1 
hour, 125 I (300 Bq/kg, 3 ml/kg) was administered by intraperitoneal 

15 injection. Four hours after 125 I-administration, the animals were killed 
by C0 2 -asphyxiation and bled. The thyroid gland together with a piece of 
the trachea was dissected out and placed in a small test tube for the 
assay of radioactivity in a gamma counter (LKB-Wallac model 1282 
Compugamma). Percentage inhibition was calculated according to the 

20 formula 100 (1-T/P), where T and P is the mean radioactivity of thyroid 
glands from animals treated with test agent and placebo (buffered 
Methocel), respectively. The statistical significance for a difference 
between test agent- and placebo-treated animals was assessed with the 
Mann-Whitney U-test (two-tailed). P<0.05 was accepted as significant. 

25 

Chemical stability 

The chemical stability of the racemic mixture of the compound of the 
invention has been followed kinetically at low concentration at 37°C in 
aqueous buffer solution at different pH values. The results in Table 2 
30 show the half life (t^) at pH 7, that is the time period after which half 
the amount of the original compound remains unchanged and t^Q% of pH 
2, that is the time period after which 10% of the original compound has 
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decomposed. 

The chemical stability in the solid state was tested. The degradation of 
the compound of the invention was followed by liquid chromatography. 
5 The substance was stored as a crystalline material at 90°C or at 100°C 
and analysed after 6 and 14 days or after 2 days. The amount of by- 
products was evaluated as area per cent of the total peak area. The 
results are shown in Table 2. 

10 Results of biological tests 

Table 1 gives a s umm ary of the test data available for the compounds of 
the invention. 

Results of stability tests 
15 Table 2 gives a summery of the test data available for the compounds of 
the invention, called "5-isomer", and related compounds disclosed in the 
prior art. Those related compounds are the isomeric mixture of 6- 
carbomethoxy-5-methyl-2-[I(3,4-dimeth^ 

IH-benzimidazole-l-ylmethyl ethyl carbonate and 5-carbomethoxy-6- 
20 metliyl-2-[[(34-dimethoxy-2-pyridinyl)methyl]- sulfinyl]-lH- 

benzimidazole-l-ylmethyl ethyl carbonate called "isomeric mixture" and 
. 6-carbomethoxy-5-methyl-2-[[(3,4-dime 
IH-benzimidazole-l-ylmethyl ethyl carbonate, called "6-isomer". In the 
solid state stability test the amount of degradation products were 
25 measured after 8 and 14 days storage instead of 6 and 14 days as for the 
compound of the invention. As can be seen from Table 2 the compound 
according to the invention is the most stable compound. No degradation 
products could be detected after 14 days storage at 90°C for the 
compound of the invention "5-isomer", for the "isomeric mixture" more 
30 than 20% degradation products are formed during 14 days storage and 
for the "6-isomer" 20% degradation products are formed already after 8 
days storage. 
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Further, the solid state stability has also been measured at 100°C. At 
this temperature approximately 20% degradation products are found 
already after 2 days storage in the "isomeric mixture" and in the "6- 
isomer". The compound of the invention had only a very slight increase 
5 in the amount of by-products during storage at 100°C for 2 days. 
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CLAIMS: 

1. A compound having the formula 




2. 5-carbomethoxy-6-methyl-2-(((3,4-dimethoxy-2- 

15 P yridinyl)methyl)sumnyl)-lH-benzimidazole-l-ylmethyl ethyl carbonate 
substantially free from 6-carbomethoxy-5-methyl-2-(((3,4-dimethoxy-2- 
pyridinyl)methyl)sulfinyl)-lH-benzimidazole-l-ylmethyl ethyl carbonate. 

3. (+)-5-<^bomethoxy-6-methyl-2-(((3,4-dimethoxy-2-pyridinyl)- 
20 methyl)sulfi^yl)-lH-benzimidazole-l-ylmethyl ethyl carbonate. 

4. (-)-5-carbomethoxy-6-methyl-2-(((3,4-dunethoxy-2-pyridinyl)- 
methyl)sulfinyl)-lH-benzimidazole-l-yhnethyl ethyl carbonate. 

25 5. A process for the preparation of a compound according to claim 1 
characterized by 

a) reacting a compound of the formula I or its single enantiomers or an 
isomeric mixture of two compounds of the formula II or their single 
enantiomers, 
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QCH 3 




wherein Z is either a metal cation such as Na + , K+ Li + or Ag + or a 
quaternary ammonium ion, such as tetrabutylammonium, with 
chloromethyl ethyl carbonate, 

b) reacting a compound of the formula I or its single enantiomers or an 
isomeric mixture of two compounds of the formula II or their single 
enantiomers, wherein Z is hydroxymethyl with a compound of the 
formula III, 
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X-C(0)-0-CH 2 CH3 m 

wherein X is CI or imidazole or p-nitrophenoxy or a functionally 
equivalent group, in the presence of a suitable base such as 
triethylamine, or 

c) oxidizing a compound of the formula IV or an isomeric mixture of two 
compounds of the formula V, 




IV 



V 
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and when mixtures of structural isomers are obtained in any of the above 
methods the pure isomeric compound is isolerated by crystallisation or 
20 chromatography. 

6. A process according to claim 3, wherein the reactions according to a) 
and b) are carried out under protective gas and in the absence of water, 
and the oxidation according to c) is carried out in a solvent by using an 

25 oxidizing agent. 

7. A compound according to claim 1 for use in therapy. 

8. A pharmaceutical composition containing the compound according to 
30 claim 1 as an active ingredient. 

9. A method for inhibiting gastric add secretion by administration to 
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mammals including man in need of such treatment an effective amount 
of the compound according to claim 1. 

10. A method for treatment of gastrointestinal inflammatory diseases 
5 comprising administration to mammals including man in need of such 
treatment an effective amount of the compound according to claim 1. 



11. Use of the compound according to claim 1 in the manufacture of a 
medicament for inhibiting gastric acid secretion in mammals including 
10 man. 



12. Use of the compound according to claim 1 in the manufacture of a 
medicament for treatment of gastrointestinal inflammatory diseases in 
mammals including man. 

13. The compound 5-carbomethoxy-6-methyl-2[[(3,4-dimethoxy-2- 
pyiidinyl)methyl]thio]-lH-benzimidazole-l-ylmeA ethyl carbonate. 
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Granular product or tablet containing an effervescent system 
and an active pharmaceutical substance, as well as a method 

for its preparation 

5 Field of the invention 

This invention relates to a granular pharmaceutical 
preparation or more particulary a tablet containing an 
effervescent system and a - preferably acid-sensitive - 

10 pharmaceutical substance, such as cisapride, beta-carotene, 
an H2 blocker such as cimetidine or ranitidine, and/or a 
substance which is to be administered in an effervescent 
pharmaceutical preparation with comparatively small amounts 
of effervescent components or a comparatively low acid- 

15 binding capacity. 

Background of the Invention 

Heretofore it has been possible only with difficulty to 

20 incorporate acid-sensitive drugs in stable form into 
effervescent tablets or effervescent instant granular 
products, since in contact with the acid of the effervescent 
system such compositions hydrolyze or decompose, i.e. they 
are not shelf -stable. Furthermore, whenever such a substance 

25 also affects the surface tension of water, frothing occurs 
which is highly undesirable for the consumption of the 
effervescent solution, or in any event, hydrophobic 
particles of the drug tend to creep upward on the glass. On 
the other hand, in certain cases, the antacid side-effect of 

30 an effervescent tablet is undesirable for many drugs. 
Therefore an object of this invention is to provide an 
effervescent system which will avoid the aforesaid 
disadvantages and offer the possibility of administering to 
a patient pharmaceutical substances, inclusive of acid- 

35 sensitive substances which have hydrophobic properties or 
properties influencing the surface tension of water, in 
pleasant-to-drink effervescent solutions. It is a further 
object of this invention to create an effervescent tablet or 
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an instant effervescent granular product with an acid 
binding capacity of less than 5 meq, in order to avoid 
undesired antacid effects. This is especially advantageous 
for all H2 blockers. Lastly, it is desired that the tablet 
5 or granular product is to dissolve rapidly in water at a 
temperature of about 15-20°C in less than about 2 minutes. 

Summary of the Invention 

10 The solution to the aforesaid problems can be achieved in a 
surprisingly simple, cost-effective and efficient manner in 
accordance with this invention e.g. by first substantially 
coating acid particles with a composition comprising at 
least one neutral substance which causes a depression of the 

15 melting point of the acid grains at their surface, and 
thereafter anchoring thereon at least one second coating 
which contains an alkali and/or alkaline earth carbonate 
and/or bicarbonate, and optionally a partial reaction 
product of the carbonate or bicarbonate with the same or a 

20 different organic acid. 

The invention is more fully discussed in detail below along 
with a detailed discussion and illustration of several 
preferred embodiments. 

25 

Detailed Description 

Neutral substances within the meaning of this invention 
include polymers soluble in water and/or alcohol, such as 

30 e.g. polyvinylpyrrolidone, carbohydrates, such as 

saccharose, pentaerythritol , glucose, and fructose (although 
the latter two, under the influence of the only slightly 
alkaline effervescent-grain surface due to the bicarbonate 
coating, are subject to a Maillard reaction tending to make 

35 them yellow and therefore they are not particulary preferred 
herein) , hydrocolloids , such as maltodextrin, dextrin and 
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the like; especially preferred are higher alcohols, such as 
xylitol, mannitol and sorbitol. 

Various embodiments of the invention are described in the 
5 defining clauses of the dependent claims . 

It is true that W093/00886 discloses that a foreign acid, 
possibly gluconic acid delta-lactone, which hydrolyzes to 
gluconic acid, can be incorporated at the surface of acid 

10 vehicle crystals, with the result that the crystal lattice 
is disturbed and a melting point depression is achieved. 
However, such a measure cannot of course provide adequate 
protection for acid-sensitive active substances. It has 
therefore also been impossible hitherto to use the invention 

15 of WO93/00886 for acid-sensitive active substances in 
practice. 

It has also been proposed (British Patent 1,270,781) to coat 
acid vehicle crystals for effervescent tablets with a thin 

20 polymer layer, such as, for example, with polyvinyl- 
pyrrolidone, carboxymethylcellulose or the like. However, 
this results in an undesirable retardation of the 
dissolution time and, in the case of the 1 to 5% by weight 
of polyvinylpyrrolidone described there in the Examples, 

25 foam formation problems; furthermore, some acid is always 
transferred from the vehicle crystal to the layer in 
solution when the coating is applied by means of ethanolic 
or aqueous solution, whereby the acid-sensitive active 
substances would not be protected sufficiently. In addition, 

30 however, those skilled in the art have for over 20 years 
been unable satisfactorily to solve the problem of 
accommodating acid-sensitive active substances in 
effervescent systems not only in a shelf-stable manner but 
also in relatively small tablet weights with very low acid 

35 binding capacity and short dissolution time. An 
effervescent tablet is generally defined as being 
particularly rapid when the dissolution (or complete 
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suspending) of the tablet components takes less than 120 
sec, preferably 90 sec or less. 

According to the invention, however, after (preferably only 
5 a small amount of) the neutral substance has been applied to 
the acid grains, alkali and/or earth alkaline carbonate 
and/or bicarbonate particles are anchored on the grain 
surface in order to prohibit an interaction between the acid 
and the active substance, 

10 

Furthermore, the process proposed in EP-A1-415 326 for 
coating acid vehicle crystals with several times the amount 
of sugar in order, in combination with bicarbonate, to 
achieve a slightly prickling effect, for a chewable tablet 

15 or lozenge has not been able to solve the combination of the 
problems or tasks: such a system would not be sufficiently 
reactive to dissolve an effervescent tablet in water within 
a reasonable time. It was the aim of the said EP-A1 to slow 
down the reaction between acid and carbonate in order not to 

20 produce an undesired high effervescent effect in the mouth. 

If, as disclosed in the prior art (US-A-4 127 645), a tablet 
having a core of acid, bicarbonate and calcium were coated 
with a neutral substance, for example with sorbitol in an 

25 aqueous, alcoholic or in a water /alcohol-solution, such a 
tablet would not provide reliable protection for acid- 
sensitive active substances contained in the core. However, 
if the mixture were pressed with a neutral substance (e.g. 
maltodextrin, if necessary as a mixture with sugar, US-A-4 

30 650 669; sorbitol with vitamins, US-A-5 223 264, only 

suitable as a prickling chewable tablet) to give tablets, 
then either both reactants would be coated together or 
undesirable agglomerated granules would occur. In both 
cases, the reaction on dissolution of the tablet would take 

35 place too slowly and the dissolution time would thus be 
undesirably increased, or the solution would contain 
undesirably large amounts of sugar. Furthermore, it is very 
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probable that, in agglomerated granules, acid particles too 
would be present unprotected at the surface of the granules; 
however, this results in greater instability for acid- 
sensitive active substances. 

5 

In U.S. Patent No. 4,867,942, a method is described in which 
vehicle crystals of a solid, edible organic acid are covered 
on their surface with a pre-reacted solution serving as 
buffer, particularly an acid alkali and/or alkaline earth 

10 salt of a solid, edible organic acid. Thereafter, more of 
the acid crystals and amounts of carbonate or bicarbonate 
are anchored side by side on this coating. Water which is 
released in the various neutralization partial reactions is 
removed by a final treatment with alcohol and vacuum drying. 

15 Such a process is disadvantageous, however, in that, for 
acid-sensitive drugs, on the acid crystal surface an 
additional acid simultaneously enters into a reaction with 
the alkali carbonate, and the reaction thus proceeds too 
fast and consequently not sufficiently uniformly. Therefore, 

20 the product that forms from this method cannot completely 

prevent the reaction of an acid-sensitive drug mixed in with 
it, due to the acid crystals lying on the surface of the 
granules . 

25 In contrast, the structure of the effervescent system 

according to this invention not only prevents direct contact 
of an acid- sensitive drug with the acid crystals thereby 
providing an effervescent tablet or granular product with 
substantially more shelf -stability , but it also permits the 

30 preparation of substantially smaller tablets, i.e., those 
with smaller amounts of effervescent components which, when 
dissolved, result in a buffer system. Thus, the present 
tablets according to the invention, in contrast to buffer 
systems of antacid effervescent preparations, can remain at 

35 far less than 5 meg of acid binding capacity. Also, in terms 
of product preparation, a retarded reaction and better 
compressibility into tablets is obtained. With the aid of 
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this invention, an effervescent tablet can be prepared which 
for the first time contains an acid-sensitive drug, such as 
cisapride, or an H2 blocker such as cimetidine, . and which 
has an acid-binding capacity of less than 5 meq for a tablet 
5 (or granular product) weight of only 1.6 to 2.3 g. 

Further, in accordance with an especially advantageous 
embodiment of this invention, after the acid crystals have 
been covered with a coating of neutral substance , at least a 

10 portion of the carbonate and/or bicarbonate particles 

intended for a full dose can be applied to this coating, so 
that effervescent grains are formed from acid crystals on 
which a first coating of neutral substance has formed, and 
thereon a second coating of carbonate and/or bicarbonate, 

15 which has partially reacted with the acid in some cases. 

The invention can be particularly expediently used for 
products or processes as described, for example, in EF-B1- 
76 340, US-A-4 867 942 and WO93/00886, and whose description 
20 and claims are herein regarded as having been disclosed. 

The application of the neutral substance, especially a 
sorbitol solution, for example, causes a depression of the 
melting point on the surface of the citric acid crystals. 

25 Thus, on the one hand, the adhesive force for the next 
coating containing alkali or alkaline earth carbonates 
and/or bicarbonates increases, and at the same time this 
signifies a slower and therefore more uniform reaction of 
the citric acid crystal surface and better passivation, so 

30 that the acid-sensitive drugs are less attacked by the 

effervescent grains. On the other hand, the melting point 
depression protracts the recrystallization time of the 
citric acid or of the citrates that have formed, which 
signifies better compressibility of the effervescent 

35 granules over a longer period of time. 
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The amount of neutral substance applied to the acid vehicle 
crystals depends on the amount of solvent with which the 
acid can be wet, since a maximum of 50 - 70 % by weight can 
be dissolved in an aqueous solution. It is therefore 
5 preferably added in an amount of 0.05 bis 1.0, in particular 
0.07 bis 0.8, % by weight, based on the acid. Additions of 
less than 0.07 have only a weak effect and those of less 
than 0.05 have no effect which is relevant according to the 
invention: the shelf -stability of acid-sensitive active 
10 substances is reduced. Additions of over 0.8 generally begin 
to have an interfering effect, and at above 1.0 the 
reactivity of citric acid and of the effervecent system is 
cons ier ably slowed down. 

15 However, this may be less troublesome in the case of 
granules since a longer dissolution time tends to be 
desirable there in order to allow the granules to sink on 
introduction into water and only thereafter to undergo a 
reaction for dissolution. Otherwise, however, the amounts of 

20 neutral substance which can be applied to, for example, 
citric acid are determined by the amount of solution with 
which the citric acid can be wet, since the neutral 
substances are in fact applied in solution, and a 50 to max. 
70% solution can be prepared. The citric acid crystals 

25 cannot be wet with an infinitely large amount of water and 
hence solvent . 

In certain circumstances, the neutral coating, especially if 
carbonate and/or bicarbonate particles are anchored on it, 

30 can also contain small amounts of a solid, edible organic 
acid, and in some cases an acid different from the one of 
which the vehicle crystals consist - as disclosed per se in 
another context - but here also in order to intensify the 
melting point depression and/or to control the effervescent 

35 reaction and rate of dissolution. 
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Each such effervescent grain is, taken by itself, actually a 
small effervescent "tablet", and effervesces by itself. 
Therefore, if desired, a short dissolving time, small 
quantity and low acid-binding capacity can be achieved. 

5 

Experiments thus far towards achieving a fast-acting, small 
effervescent tablet by the use of monosodium citrate instead 
of citric acid have failed, because this greatly slows the 
effervescent reaction, since the monosodium citrate reacts 
10 more slowly with sodium bicarbonate, and such tablets 
usually have an acid consuming capacity exceeding 5 mEg. 

On the other hand, a very thin monosodium citrate coating in 
accordance with this invention, especially as a third or 

15 fourth layer, which can contain an additional neutral 

substance if desired, acts advantageously because 1 mol of 
monosodium citrate binds 1 mol of water of crystallization 
and thus contributes to the drying or to maintenance of 
dryness. Furthermore, in any case, uncovered citric acid 

20 surfaces can be covered again or more completely with 
bicarbonate. 

Additionally, since many substances exhibit some form of 
taste sensation of which many are unpleasant, especially 
25 those exhibiting bitterness, it is desirable to keep the 
final effervescent solution, especially since it is in 
beverage form, within the pH range of 3.8 to 4.6. Experience 
has shown that within this range paricularly bitter 
substances can be more effectively masked. 

30 

While not obligatory, it is preferable to remove residual 
water from the reaction granules in the course of their 
preparation by a final treatment with alcohol. Alcohol may 
disrupt the bonding of water of crystallization, because 
35 during drying the residual moisture is removed along with 
the alcohol by evaporation. Small amounts of an antifoaming 
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agent can also be added to the alcohol in order to 
accelerate the dissolution of the final tablet. 

Many of the aforementioned drugs, especially cimetidine and 
5 cisapride, often cause frothing in an effervescent tablet. 
This is not due, however, to foaming such as that caused by 
tensides. That is to say, the active agents themselves, when 
stirred into water, do not foam. Instead, when the 
effervescent particles in the tablet dissolve, bubbles of 
10 carbon dioxide form. 



These bubbles burst and leave the C0 2 on the surface. Now, 
if a less soluble or more hydrophobic substance is present, 
the undissolved particles envelop the C0 2 bubbles, and by 

15 forming such a film successfully prevent rapid bubble 

bursting, so that the bubbles with this film on the surface 
collect and thus a "foam 11 is formed. However, the "foam" 
already forming between the effervescent grains interferes 
with the continued reaction, and thus with the rapid 

20 dissolution of the tablet or granules. This circumstance is 
combatted according to the invention by the additon of very 
small amounts of at least one antifoaming agent with the 
result that any "foam 11 that forms as the effervescent 
reaction begins immediately collapses. 

25 

The antifoaming agent is preferably added in an amount of 
0.005 bis 0.5% by weight, based on the total amount 
including any fillers, flavors, etc., or 0.05 - 2.0% by 
weight, based on active substance. Additions of less than 
30 0.005 have no effect relevant according to the invention; 
additions of more than 0.5 give rise to troublesome or 
unacceptable side effects. 

In the case of active substances which are soluble, although 
35 not too freely soluble, as in the case of cimitidine, a 

percentage of simethicone of 0.1 - 0.3% by weight, based on 
active substance, is used, which is equivalent to the use of 
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0.016 - 0.028 percent (about 0.03%) based on the total 
tablet weight. The situation is somewhat different in the 
case of an insoluble hydrophobic active substance, such as 
cisapride (the monohydrate is used), where 1 % of simethicone 
5 is used, based on the active substance, but an amount of 
0.006% results when based on the tablet weight of 1.6 g. It 
is evident that the cisapride, as a slightly soluble, 
hydrophobic active substance, requires a larger amount of 
antifoaming agent for suppressing the foam, but the required 
10 fillers and the effervescent base result in a substantially 
smaller amount of simethicone being used per tablet, so that 
the ratios are inverted. 

In the case of the soluble active substances, such as 
15 cimetidine and ranitidine, the simethicone is required in 
smaller amounts, in order to suppress the smaller tendency 
to foaming in the local reaction on dissolution of the 
effervescent tablet , whereas in the case of cisapride - as 
already mentioned - the tendency to foam is substantially 
20 greater and the principle is therefore also slightly 
different . 

If larger amounts are used, film formation of simethicone 
occurs at the surface after dissolution of the effervescent 

25 tablet, by virtue of the fact that - especially in the case 
of insoluble active substances - particles of the active 
substance collect and remain hanging and thus result in 
unattractive dissolution behavior, this film then 
additionally having the tendency to form a ring on the glass 

30 wall . 

In some cases, however, very small amounts of a tenside, for 
example, docusate sodium, are also added. Due to their 
wettable nature, such drug particles dissolve more quickly 
35 and no longer adhere to the foam bubbles. The proportion of 
such substances must be determined very precisely to achieve 
the desired dissolving characteristics. 
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Although in some cases the antifoaming agent can be applied 
to the effervescent system and/or to the drug, this is not 
preferred according to the invention. In the first case, it 
5 might cause undesirable slowing of the dissolution and 

reaction of the effervescent components unless very slight 
amounts of antifoaming agent sufficient for the achievement 
of the desired effect are used. In the second case, only 
those drugs are involved which, when the antifoaming agent 

10 is drawn onto them from a solution in a solvent (e.g., 

methyl ethyl ketone and acetone) at 40 °C, do not lose any of 
their solubility or stability. Additionally, in the course 
of production with the use of finely powdered drugs the 
addition of antifoaming agents may lead to poor distribution 

15 because of drug particles attaching themselves to the 
antifoaming agent droplets. 

It is therefore preferred, in accordance with this 
invention, that first the formation of a typical granular 
20 product from antifoaming agents and a neutral substance is 
undertaken, which product is thereafter mixed with the 
effervescent system and the drug, plus additional adjuvants 
if desired (e.g., perfumes, sweeteners and the like) and the 
mixture then compressed into tablet form. 

25 

The moisture released in the preparation of the effervescent 
system by the neutralization reaction, and not entirely 
removed by heating and/or vacuum treatment, as well as 
moisture picked up from the air during storage, can best be 

30 bound by the addition of a moisture-binding agent, 

especially anhydrous sodium carbonate (which can absorb 10 
mols of water per mol) or sodium sulfate. The agent can be 
bound either by applying it to one or more of the coatings 
applied to the vehicle crystals, or by adding it to the 

35 total mixture. This improves shelf life because the reaction 
of the acid-sensitive active agent with the acid is further 
suppressed or completely prevented by the reduction of 
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moisture. However, excessive amounts of such moisture- 
binding agent, for example sodium carbonate, are not 
desirable as it may retard the effervescent reaction. 

Sodium carbonate as a drying agent, therefore, should not be 
used for completely covering the effervescent grains, since 
it is preferable to operate with only small quantities 
effective to merely dry the residual moisture, or to retard 
the reaction during manufacture, and to avoid undesirably 
lengthening the dissolving time of the tablet. Therefore, 
the final addition of sodium carbonate should not be used 
for complete coverage (or a tablet coating) , due to both the 
quantity and the grain size (approx. 0.1 - 0.05 mm), and it 
is therefore not suitable for producing a continuous coating 
on the bicarbonate already present. However, it can be 
partially hooked onto the effervescent grains. It is also 
possible, however, not to add the sodium carbonate until 
after the drying operation. 

20 In principle, the percentage amount of sodium carbonate per 
tablet depends on several factors, such as, for example, the 
amount of effervescent base used, the amount and type of the 
fillers used, the presence of other carbonates, such as, for 
example, calcium carbonate, etc. 

25 

The moisture-binding agent, in particular sodium carbonate, 
is preferably added in an amount of between 1 and 10, in 
particular 4 - 6 , % by weight (based on the total amount , 
including any fillers, flavors, etc.). Additions of less 

30 than 4 have only a weak effect, and with those of less than 
1 , the drying effect and increase in stability is too small, 
they have no effect relevant according to the invention. 
Additions of over 6 generally begin to have a troublesome 
effect because sodium carbonate dissolves more slowly and 

35 reacts more poorly; above 10% the dissolution time is 

already significantly lengthened, since sodium carbonate 
first absorbs water (up to 10 molecules of water of 
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crystallization) on dissolution of the effervescent tablet, 
i.e. is calcined and only then reacted with the citric acid. 

Here it is to be emphasized that 1 mol of water of 
5 crystallization can be bound per mol by sodium citrate alone 
developing in or on the sorbitol layer , and in spite of any 
residual moisture present the sorbitol layer prevents or 
hinders any acid harm to the drug. 

10 If all of the prescribed steps are followed in accordance 
with the invention, effervescent tablets can be produced, 
even with the difficult substances referred to, which at a 
tablet weight of, e.g., 1.6 g,will attain a dissolving time 
of less than 100 seconds. It is also to be noted that 

15 especially cimetidine, due to its hydrophobic character, 
further lengthens the dissolving time in comparison with 
other drugs, under otherwise equal conditions. 

Granulation with sorbitol solution permits rapid dissolution 
20 without the incorporation of an extraneous acid that is 
otherwise necessary, for example, according to WO93/00886. 

Furthermore, during the preparation of the effervescent 
systems of this invention, and in any case of the tablets 

25 themselves, the steps taken according to the invention will 
enable the control of reactions which take place at the 
surface of individual crystals or granules, which thus 
constitutes a local mechanism, while also during dissolution 
the above-described desired advantages will be achieved 

30 throughout . 

The system is also extraordinarily well suited for the 
processing of substances which are both acid-sensitive and 
sparingly soluble in water. Such substances, such as 
35 cisapride for example, exhibit very unpleasant behavior in 
suspension, since, as mentioned above, they tend to froth 
together with the effervescent system, adhere to a glass 
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wall, form unpleasant rings and tend to agglomerate on the 
surface of the drink. 

All the aforesaid problems can be effectively combatted by 
5 preparing seperate granules. For this purpose in yet another 
embodiment of this invention, there is provided a vehicle 
which can consist of an Aerosil and/or a neutral substance, 
on which the drug is applied preferably with the surface of 
its grains partially dissolved, and/or with binding agents 
10 and/or tensides if desired, and dried, or is bound to the 
vehicle surface by means of binders * 

The amount of the suspended substance is limited to at most 
8, preferably at most 4.5, % by weight (based on the total 

15 mixture) , for example for cisapride, since larger amounts 
would result in increased sinking of the granule particles 
after dissolution of the tablet. On the other hand, the 
amount of binder used is likewise limited to 1% by weight, 
since it otherwise leads to undesirable agglomerated 

20 granules of active substance, suspended substance and 

binder, which dissolve only with difficulty and then sink to 
the bottom, i.e. prevent the desired suspension. 

The invention will now be more fully described and 
25 understood with reference to the following examples of 

preferred embodiments. It is to be understood, however, that 
these examples are for illustrative purposes only, and many 
other embodiments and variations will be readily apparent to 
those persons skilled in the relevant art and are not 
30 intended to limit the scope of this invention or the claims 
or the spirit thereof in any way. 

Alternatively, the drug can also be dissolved in the methyl 
ethyl ketone or in acetone and coated onto mannitol, 
35 Aerosil ( R ) and sodium bicarbonate. 
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Example 1 : Preparation of effervescent tablets 

containing 200 mg of cimetidine 

a) Preparation of the effervescent system 

5 102 parts by weight of coarse citric acid and 25 parts by 
weight of finely powdered citric acid (the latter is 
preferable for improving build-up to effervescent grains on 
the vehicle crystal as the powder particles provide a rough 
surface on which up to about 30% of bicarbonate can be 

10 anchored) or tartaric acid are aspirated into a preheated 
vacuum tank and heated to approx. 60°C with stirring. Next, 
0.85 parts by weight of a solution 1, which has been formed 
from 36 parts by weight each of water and sorbitol, 21 parts 
by weight of citric acid and 7 parts by weight of sodium 

15 bicarbonate, is aspirated and distributed on the citric acid 
by mixing. Thereafter, 52.5 parts by weight of sodium 
bicarbonate and 4.4 parts by weight of aspartame are added 
to this mixture, which is then stirred and dried by a vacuum 
of up to 200 mbar, after which 1.9 parts by weight of sodium 

20 carbonate are aspirated and distributed in the mixture by 
stirring, and the mixture is then dried by a vacuum of up to 
1 5 mbar . 

Next, a further 0.6 parts by weight of said solution are 
25 aspirated and distributed in the mixture by mixing. The 

resultant effervescent grains are dried in a vacuum of up to 
20 mbar with stirring. If necessary, 0.25 parts by weight of 
96% ethanol are also employed to dry the mixture, and 
aspirated. Then, again 9.3 parts by weight of sodium 
30 carbonate are bound onto the effervescent grain surface. 

After another final drying, the product is removed through a 
sieve. 

b) Preparation of the granulated antifoaming agent 

35 In a vacuum mixing tank with a jacket temperature of 80°C, 
7.7 parts by weight of sorbitol powder are added and heated 
to 50°C. Then, 0.2 parts by weight of simethicone in a 30% 
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butanone/acetone mixture (5:3) are aspirated in, stirred by 
vibrational mixing and dried under full vacuum down to 1 5 
mbar at a temperature of at least 45°C. 

5 c) Preparation of the total mixture 

In a mixer, 20 parts by weight of cimetidine, with 21.1 
parts by weight of sorbitol powder if desired, are mixed for 
10 minutes at 6 rpm with 178.4 parts by weight of the 
effervescent system prepared in a) . Then 7 parts by weight 

10 of the antifoaming agent granules prepared in b) and 

screened through a 0.6 mm sieve, and 4.5 parts by weight of 
lemon flavoring, are added, mixed for another 5 minutes at 6 
rpm. The final mixture is pressed into tablets which weigh 
2.3 g, contain 200 mg of cimetidine, and have a hardness of 

15 6-8 kp. 

Example 2: Preparation of effervescent tablets 

containing 200 mg of cimetidine, and citric and malic acid 
20 in the effervescent grains: 

102 parts by weight of coarse citric acid, 25 parts by 
weight of powdered citric acid and 1.1 parts by weight of 
malic acid are heated to 60°C with stirring in a preheated 

25 vacuum tank. A solution consisting of 0.4 parts by weight of 
water, 0.22 parts by weight of sorbitol and 0.22 parts by 
weight of malic acid is then aspirated in and distributed 
onto the citric acid by mixing. 52.5 parts by weight of 
sodium bicarbonate and 4.4 parts by weight of aspartame are 

30 next added to the mixture and dried by stirring, in a vacuum 
of up to 200 mbar . Next , 1.9 parts by weight of sodium 
carbonate are aspirated in and distributed in the mixture by 
stirring, and then vacuum drying is performed down to 1 5 
mbar. Finally, a final drying can be performed with ethanol, 

35 and then 9.3 parts by weight of sodium carbonate are added 
to the mixture. The rest of the procedure is similar to 
Example 1 . 
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Example 3: Effervescent tablets containing 400 mg 

of cimetidine, and mannitol as a neutral substance 

5 

49 parts by weight of citric acid are aspirated into a 
preheated vacuum tank and heated with stirring to 60°C. 
Then, 0.45 parts by weight of a solution 1 , which has been 
prepared from 0.25 parts by weight of water and 0.20 parts 

10 by weight of mannitol, is aspirated in and distributed on 

the citric acid by mixing, whereupon 14.7 parts by weight of 
sodium bicarbonate and 3.2 parts by weight of aspartame are 
then added. Reaction is started with stirring and then 
drying is performed with a vacuum up to 200 mbar. 0.5 parts 

15 by weight of sodium carbonate are next aspirated and 

distributed in the mixture by stirring, and then drying is 
performed with a vacuum to 1 5 mbar. Then 0.5 parts by weight 
of a solution 2, which has been prepared from solution 1 by 
the addition of 0.16 parts by weight of monosodium citrate, 

20 is aspirated into the mixture and distributed by mixing. The 
effervescent grains obtained therefrom are then dried by 
vacuum and stirring to 20 mbar, and finally 2.8 parts by 
weight of sodium carbonate are added. To this mixture is 
then added 17.3 parts by weight of cimetidine, 4.3 parts by 

25 weight of mannitol, 8 parts by weight of sorbitol, 0.9 parts 
by weight of flavoring, and 4 parts by weight of antifoaming 
agent granules prepared according to Example 1 b) , until 
distribution is uniform. 

30 

Example 4: Effervescent tablets containing 300 mg 

of cimetidine, as well as maltodextrin as a neutral 
substance. 

35 Similarly to Example 3, for a 300 mg cimetidine effervescent 
tablet, a 50% solution of maltodextrin is . selected, which is 
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then used in the same amount as in the case of the 400 
milligram form. 

In all of the examples in which the tablets contain 100 to 
5 400 mg of cimetidine, the tablet weight can be 2.3 g. The 
tablets have a dissolving time of preferably 60 to 150 
seconds and a buffering capacity below 5 meg, measured 
according to USP XXII, by back-titration (with 0.5 N NaOH) 
of an effervescent tablet dissolved in 70 ml of water and 
10 with 30 ml of 1.0 N HC1 added. 



The figures given in the following table 1 are the 
percentages of individual ingredients in the particular 
total mixture of the illustrated preferred embodiments, 
15 which therefore are in the following preferred ranges: 



Table 1 



Cimetidine 2-30% 



Citric acid 30 - 60% 

Sodium bicarbonate 10 - 30% 

Sodium carbonate 2-10% 

Aspartame 1-4% 



(cooresponds to an effervescent 
tablet containing 50 to 600 mg of 
cimetidine) 
sorbitol 5-20% 
mannitol 2-10% 
simethicone 0.005-0.5% 
flavoring 0.1-3% 



20 A preferred percentage composition of cimetidine 

effervescent tablets or bags of granules containing 100, 
200, 300 and 400 mg of cimetidine, with a total weight of 
2.31 grams, is summarized below in table 2: 
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Table 2 



100 mg 
Cimet idine 4.30 
Citric acid 50 
Sodium 0.04 
citrate 

Aspartame 1.74 
Sorbitol 12.5 
Sodium 20.7 
bicarbonate 
Sodium 4 . 4 

carbonate 
Manntiol 4 . 3 
HMA Lemon 2.0 
flavoring 
Simethicone 0.02 



200 mg 

8.70 

50 

0.04 



1 .64 
12.5 
20.7 

4.4 



2.0 
0.02 



300 mg 
13 

48.2 
0.04 



2.54 
12.8 
14.7 

3.5 

4.3 
0.9 

0.02 



400 mg 
17.3 
48.2 
0.04 



3.24 
8.00 
14.7 

3.3 

4.3 
0.9 

0.02 



5 Example 5: Cisapride effervescent tablets 

a) Preparation of the effervescent grains 

655 parts by weight of crystalline citric acid, 70 parts by 
weight of citric acid powder and 8 parts by weight of sodium 

10 saccharin sodium are heated while mixing to 60°C. Then 2.8 
parts by weight of a solution consisting of 0.6 parts by 
weight of sorbitol, 0.3 parts by weight of trisodium 
citrate, 0.5 parts by weight of citric acid and 1.6 parts by 
weight of water are aspirated into this mixture and 

15 distributed by mixing. Next, 340 parts by weight of sodium 
bicarbonate as well as 2 parts by weight of aspartame are 
added and reacted. Before drying, 77 parts by weight of 
sodium carbonate are added, whereupon the mixture is vacuum 
dried with slow stirring to 15 mbar. 

20 
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b) Preparation of the granulated drug 

Insoluble and hydrophobic cisapride is attached to a 
suspending substance by means of a binder and a small amount 
of a tenside as follows : A solution of 1 0 parts by weight of 
5 cisapride, 2 parts by weight of polyvinylpyrrolidone and 0-8 
part by weight of docusate sodium in 1 part by weight of 
ethanol and 40 parts by weight of acetone is applied to 1 0 
parts by weight of Aerosil <R) , uniformly distributed and then 
dried while stirring. The granules are sieved to 0.1 - 
10 0.3 mm. 

c) Preparation of the final mixture 

To 1152 parts by weight of effervescent grains are added 50 
parts by weight of maltodextrin, 100 parts by weight of 

15 lactose, 184 parts by weight of mannitol, 40 parts by weight 
of flavoring, 50.2 parts by weight of anti-foaming granules 
(0.2 parts by weight of simethicone coated onto 50 parts by 
weight of mannitol) , as well as the granulated drug prepared 
in b), mixing is carried out for 1 5 minutes for uniform 

20 distribution and the mixture is then pressed to form tablets 
of 1.6 g, which have an acid-binding capacity of only 2 meq. 
Cisapride effervescent tablets having such a low acid- 
binding capacity are unknown to date. 

25 

Example 6: Beta-carotene effervescent tablets 

With this extremely acid- and oxidation-sensitive aubstance, 
attention must be paid to an especially good covering of the 

30 acid. The surface and the contact zone on the beta-carotene 
must be kept alkaline. Therefore the effervescent grains are 
covered at least in part with calcium carbonate, thus 
insuring an alkaline surface. This, however, does result in 
a slightly longer dissolving time, which in this case is 

35 desirable, because the beta-carotene needs time to suspend 
while the tablet is dissolving. Large amounts of sorbitol, 
as in US-A-5 223 264 mentioned at the outset, are by no 
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means suitable for a beta-carotene effervescent tablet which 
is intended to be dissolved or suspended in water. 

a) Preparation of the effervescent grains 

5 1315 parts by weight of citric acid, 7 parts by weight of 
sodium saccharin and 45 parts by weight of sodium cyclamate 
are heated in a vacuum tank to 50°C. Then 16.8 parts by 
weight of a solution prepared from 3 . 6 parts by weight of 
calcium carbonate, 19 parts by weight of citric acid, 12 

10 parts by weight of sorbitol, and 45 parts by weight of water 
are stirred in and distributed onto the citric acid by 
mixing. Next, 400 parts by weight of calcium carbonate and 
190 parts by weight of citric acid are added and the mixture 
heated with stirring to 60°C. Then follows the second 

15 granulation with 44 parts by weight of the above-mentioned 
solution, and after distributing and mixing, 403 parts by 
weight of sodium bicarbonate are added, and also, before 
drying, 52 parts by weight of sodium carbonate. The mixture 
is then vacuum-dried to 1 5 mbar with slow mixing. 

20 

b) Preparation of the final mixture 

130 parts by weight of sorbitol and 540 parts by weight of 
mannitol and 50 parts by weight of flavoring, an 
encapsulated beta-carotene suspendable in water and 

25 corresponding to 2 to 1 5 parts by weight of 1 00% beta- 
carotene, plus, if desired, 50 to 250 parts by weight of 
vitamin C and/ or a solid tocopheryl acetate suspendable in 
water (corresponding to 1 0 to 75 parts by weight of 100% 
tocopheryl acetate) , plus still other vitamins if desired, 

30 are mixed with 2415 parts by weight of the effervescent 
grains prepared according to a) . The product has a tablet 
weight of 3.3 g and its dissolving time is 60 to 90 seconds. 
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Ranitidine effervescent tablets 



a) Preparation of the effervescent grains 

840 parts by weight of crystalline citric acid, 210 parts by 
5 weight of citric acid powder, 45 parts by weight of sodium 
cyclamate, and 4 parts by weight of sodium saccharin are 
heated in a vacuum mixing tank at 60°C. Then a solution 
consisting of 6 parts by weight of water, 1 part by weight 
of sodium citrate, and 3 parts by weight of sorbitol is 

10 aspirated in and distributed by stirring. 500 parts by 

weight of sodium bicarbonate are next added and allowed to 
react, and thereafter 370 parts by weight of monosodium 
citrate are added, which are also allowed to react. Lastly, 
1 00 parts by weight of sodium carbonate are added and the 

15 granules are dried with slow stirring up to 1 5 mbar. 

b) Preparation of the final mixture 

To the effervescent grains thus prepared, 167 parts by 
weight of ranitidine hydrochloride, 125 parts by weight of 

20 mannitol plus 100.4 parts by weight of a granulated 

antif oaming agent (consisting of 100 parts by weight of 
mannitol and 0.4 parts by weight of simethicone) and the 
flavoring agent are added. This mixture is mixed for 15 
minutes for uniform distribution, and then pressed to 

25 tablets of 2.5 g. The tablets have a dissolving time of 60 
to 80 seconds and an acid-binding capacity of about 2 meg 
and contain (in percent by weight) 6.8 ranitidine 
hydrochloride, 42.0 citric acid, 14.8 monosodium citrate, 
20.0 sodium bicarbonate, 4.0 sodium carbonate, 2.0 

30 sweeteners, 5.0 mannitol, 0.1 sorbitol, 4.0 granulated 
antif oaming agent (containing 0.016 diemthylpolysiloxane) 
and 1 .2 flavoring. 



WO 95/23594 



PCT7EP95/00650 



- 23 - 

Example 8 : 

545 parts by weight of crystalline citric acid and 133 parts 
by weight of powdered citric or tartaric acid are mixed 
5 while heating to 60°C. Then, as the first coating, a 

solution which consists of 6 parts by weight of water and 4 
parts by weight of sorbitol is distributed on the surface by 
stirring. Next, 222 parts by weight of sodium bicarbonate 
are made to react on the surface of the citric acid, and 

10 finally 80 parts by weight of sodium bicarbonate are added. 
The product is dried with slow stirring. The granules are 
screened to 1.5 mm, and then mixed for 10 minutes at 10 rpm 
with 167 parts by weight of ranitidine hydrochloride, 100 
parts by weight of anti-foaming granules (containing 0.4 

15 parts by weight of simethicone and 100 parts by weight of 
lactose) , plus 54 parts by weight of sweetener and 40 parts 
by weight of flavoring, until uniform distribution is 
obtained. The mixture is then pressed to tablets weighing 
1.43 g and having a dissolving time of 65-70 sec, a hardness 

20 of 8, and an acid-binding capacity of about 1.5 meg. The 
product contains no monosodium citrate. Ranitidine 
effervescent tablets having such a low acid-binding capacity 
have not been disclosed to date. 

25 

Example 9: 

38.2% of citric acid is heated with 0.26% of sodium 
saccharin to 60°C, then two- thirds of a solution which 

30 consists of, with respect to the final mixture, 0.6% water, 
0.18% sorbitol, and 0.12% sodium citrate is applied. The 
solution is distributed for 5 minutes by mixing at 10 rpm. 
Then 16.2% of sodium bicarbonate and 2.9% of aspartame are 
added and anchored on the surface of the citric acid by 

35 reaction on the neutral substance coating. Then follows a 
second wetting with the third one- third of the solution; 
then 12.9% monosodium citrate and, finally, 5.2% sodium 
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carbonate are added. The effervescent grains are dried while 
mixing them slowly by applying a vacuum, at a temperature of 
at least 50°C, to 1 5 mbar. The basic effervescent granular 
product is screened to 1.5 mm and mixed with 11.0% of 
5 ranitidine hydrochloride, 6.5% of mannitol, 6.5% of anti- 
foaming granules plus 0.2% of flavoring, and pressed to 
tablets of 1.55 g, which have a dissolving time of 50 sec at 
a hardness of 7.3 and an acid-binding capacity of less than 
2 meq. 

10 

Example 10: Vehicle crystal grains coated only with 

a neutral substance 

15 Since cisapride, for example, in comparison to ranitidine, 
is not as highly sensitive to acid, it is nevertheless also 
possible by the procedure to be described below to achieve 
protection against the acid, all the more so since the drug 
is embedded in granules. 

20 

a) Preparation of the acid crystals coated with a neutral 
substance 

593 parts by weight of crystalline citric acid plus 70 parts 
by weight of citric acid powder are heated to 60°C. Then a 
25 solution of 4 parts by weight of sorbitol in 4 parts by 

weight of water is applied and distributed onto the surface 
of the citric acid by mixing. Finally the citric acid thus 
coated is vacuum dried at 50 to 60°C. 

30 In the case of both the form of effervescent product 

presented here and that of effervescent grains which contain 
a second alkali or alkali earth carbonate coating, it is 
possible to protect cisapride, for example, against attack 
by the citric acid in the drug granules by the addition of 

35 sodium bicarbonate. 
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b) Preparation of the drug granules 

160 parts by weight of mannitol, 10 parts by weight of 
cisapride, 5 parts by weight of aerosil and 10 parts by 
weight of sodium bicarbonate are heated with mixing to 60°C. 
5 Then half of a solution of 27 parts by weight of methyl 

ethyl ketone (or 45 parts by weight of acetone) , 2 parts by 
weight of alcohol, 2 parts by weight of poly (vinyl 
pyrrolidone) K30, 1 part by weight of propylene glycol and 
0.8 parts by weight of docusate sodium are added and 
10 distributed for 5 minutes for the purpose of uniform 

wetting. The mixture is dried to 0.8 bar, the second part of 
this solution is aspirated, and again distributed by 
stirring for 5-10 minutes, and finally vacuum dried. 

15 The active agent granules are then screened to 0.3 mm and 
already have an enhanced protection against acid attack 
simply due to the sodium bicarbonate they contain. They can 
then be mixed with the acid crystals coated with neutral 
substance, the remaining carbonates and bicarbonates , as 

20 well as the other tablet ingredients, and pressed to give 
tablets . 

c) Preparation of the final mixture 

The citric acid dried and coated according to a) is then 
25 mixed with the drug granules prepared according to b) , 50 
parts by weight of sweetener, 80 parts by weight of sodium 
carbonate, 430 parts by weight of sodium bicarbonate, and 50 
parts by weight of maltodextrin, 100 parts by weight of 
lactose, 150 parts by weight of mannitol, 50 parts by weight 
30 of an antifoaming granulate, and 20 parts by weight of 

flavoring, and then pressed to tablets of about 1.6 g, which 
have a dissolving time of 60 to 70 seconds at a hardness of 
7. 



35 



WO 95/23594 



PCT7EP95/00650 



- 26 - 

Example 1 1 : Cisapride effervescent tablets 
a) Preparation of the effervescent granules: 

Citric acid, consisting of an amount of 300 parts by weight 
5 of granules, 80 parts by weight of fine granules and 40 
parts by weight of powder, together with 5 parts by weight 
of saccharin sodium, is uniformly wet at 60 °C with 2.2 parts 
by weight of a solution which contains 0.4 part by weight of 
sorbitol, 0.15 part by weight of sodium bicarbonate, 0.45 

10 part by weight of citric acid and 1.2 parts by weight of 
water. 12 parts by weight of malic acid are then aspirated 
in and uniformly anchored on the sorbitol layer formed on 
the citric acid crystals. Finally, 205 parts by weight of 
sodium bicarbonate and 1.2 parts by weight of aspartame are 

15 aspirated in and once again uniformly distributed. Finally, 
the material is covered with 46 parts by weight of sodium 
carbonate, vacuum-dried and discharged through a 1 .2 mm 
sieve. 

20 b) Preparation of the active ingredient granules: 

1 2 parts by weight of polyvinylpyrrolidone are dissolved in 
12 parts by weight of ethanol; 6 parts by weight of 
propylene glycol and 6 parts by weight of docusate sodium 
are then added and the mixture is diluted with 165 parts by 

25 weight of ethyl methyl ketone. Half of this solution is 
distributed over a mixture of 960 parts by weight of 
mannitol, 30 parts by weight of Aerosil (R) , 60 parts by 
weight of sodium bicarbonate and 61 parts by weight of 
cisapride, which is heated to 60 °C. Partial drying is then 

30 carried out in vacuo, and further wetting is effected with 
the second half of the solution, followed by complete drying 
and dicharge through a 0.3 mm sieve. 

The final mixture is prepared analogously to Example 5. 
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Claims 

1 . A granular effervescent product suitable for preparing 
an aqueous solution or suspension of one or more pharmaceu- 
5 tically active substances for oral administration, being 
capable of being pressed into tablets, and/or said product 
in tablet form, comprising effervescent grains obtained from 
carrier crystals of at least one solid, edible organic acid 
which are substantially covered by at least one coating 

10 containing at least one neutral substance soluble in water 
and/ or alcohol, wherein said neutral substance is effective 
for depressing the melting point of the acid crystals on 
their surface, and at least one substance selected from the 
group consisting of alkali carbonate, alkali bicarbonate, 

15 alkaline earth carbonate, alkaline earth bicarbonate, alkali 
salt of at least one solid edible organic acid, alkaline 
earth salt of at least one solid edible organic acid is 
applied onto said coating . 

20 2. The granular product or tablet according to claim 1 , 
wherein the neutral substance is selected from the group 
consisting of a water-soluble polymer, a higher alcohol, a 
carbohydrate and a hydrocolloid, and which neutral substance 
is present in an amount of from about 0.05 to about 1.0 % by 

25 weight, preferably from about 0.07 to about 0.8 % by weight. 

3. The granular product or tablet according to claim 1 or 2, 
wherein a moisture-binding agent is anchored on said effer- 
vescent grains, which moisture -binding agent preferably is 
30 selected from the group consisting of anhydrous sodium car- 
bonate and sodium sulfate and preferably is applied in an 
amount of from about 4 to about 1 0 % by weight with respect 
to the total mixture. 

35 4. The granular product or tablet according to any one of 
the preceding claims, wherein on the effervescent grains at 
least one additional coating is applied, comprising a sub- 



WO 95/23594 



PCT7EP95/00650 



- 28 - 

stance selected from the group consisting of alkali salts 
and/or alkaline earth salts of at least one solid, edible, 
organic acid as buffer and, optionally, comprising an 
additional neutral substance, and wherein preferably at 
least one of the coatings contains an antifoaming agent. 

5. The granular effervescent product or tablet according to 
any one of the preceding claims, wherein the granular pro- 
duct, or said granular product compressed in tablet form, 
further comprises at least one antifoaming agent present in 
a granular product of its own. 

6. The granular product or tablet according to claim 4 or 5, 
wherein the antifoaming agent is selected from the group 
consisting of dimethicone and simethicone and is applied in 
an amount of from about 0.005 to about 0.5 % by weight with 
respect to the total mixture or from about 0.05 to about 2.0 
% by weight with respect to the pharmaceutically active 
substance. 

7. The granular product or tablet according to any one of 
the preceding claims, wherein it has an acid-binding capaci- 
ty of less than 5, preferably less than 3 meg, measured 
according to USP XXII. 

8. The granular product or tablet according to any one of 
the preceding claims, wherein, at a total weight of no more 
than 2.5, preferably no more than 2.0 grams, in water at 
room temperature, it has a dissolving time of less than 180, 
preferably less than 120 seconds. 

9. The granular product or tablet according to any one of 
the preceding claims, comprising a pharmaceutically active 
substance which is hydrophobic and wherein the hydrophobic 
substance is present in granules separate from the effer- 
vescent components, in which granules the hydrophobic sub- 
stance is coated or anchored onto at least one substance 
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selected from the group consisting of suspending agents - 
preferably selected from the group consisting of Aerosil( R ) 
and Avicel ( R ) - and neutral substances - preferably selected 
from the group consisting of mannitol and sorbitol. 

5 

10. The granular product or tablet according to claim 9, 
wherein the granules also contain at least one component 
selected from the group consisting of binders - preferably 
polyvinylpyrrolidone (PVP) -, small amounts of a tenside - 
10 preferably selected from the group consisting of dioctyl 
sodium sulf osuccinate and sodium lauryl sulfate alkali 
and/or alkaline earth carbonate and/or bicarbonate. 

1 1 . The granular product or tablet according to any one of 
the preceding claims, wherein it contains, with respect to 
the total mixture, about 2 to about 30 % by weight of cime- 
tidine; about 30 to about 60 % by weight of a solid, edible 
organic acid; about 1 2 to about 40 % by weight of at least 
one alkali or alkaline earth carbonate or bicarbonate (of 
which about 2 to about 1 0 % by weight is sodium carbonate as 
moisture-binding agent) ; about 1 to about 4 % by weight of a 
sweetener; about 0.01 to about 30 % by weight of a neutral 
substance (of which about 0.01 to about 0.05 % by weight is 
for the neutral substance coating) , preferably about 3 to 
about 20 % by weight of sorbitol and about 2 to about 10 % 
by weight of mannitol; about 0.005 to about 0.5 % by weight 
of an antifoaming agent, and about 0.1 to about 3 % by 
weight of flavoring agent. 

30 12. The granular product or tablet according to any one of 
claims 1 to 10, wherein it contains, with respect to the to- 
tal mixture, the following components: about 0.4 to about 
4.5 % by weight of cisapride; about 0.4 to about 4.5 % by 
weight of suspending agent; about 0.1 to about 1 % by weight 

35 of binder, preferably polyvinylpyrrolidone (PVP) ; about 0.03 
to about 0.35 % by weight of tenside, preferably dioctyl 
sodium sulf osuccinate; about 30 to about 55 % by weight of a 
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solid, edible organic acid, preferably citric acid; about 12 
to about 40 % by weight of at least one alkali or alkaline 
earth carbonate or bicarbonate (of which about 2 to about 10 
% by weight is sodium carbonate as moisture-binding agent) ; 
5 about 0.3 to about 2.5 % by weight of sweetener; about 0.02 
to about 55 % by weight of neutral substance (of which about 
0.02 to about 0.1 % by weight is for the neutral substance 
coating) , preferably selected from the group consisting of 
maltodextrin, lactose and mannitol; about 0.005 to about 
10 0.05 % by weight of antifoaming agent, preferably selected 
from the group consisting of dimethicone and simethicone; 
and about 0.2 to about 5 % by weight of flavouring. 

13. The granular product or tablet according to any one of 
15 claims 1 to 10, wherein it contains, with respect to the 
total mixture, the following components: 

- about 0.1 to about 0.5 % by weight of beta-carotene 
(100%) ; 

- about 0 to about 2 % by weight of tocopheryl acetate 
20 (100%); 

- about 35 to about 70 % by weight of solid, edible organic 
acid, preferably about 0 to about 10 % by weight of ascorbic 
acid, about 35 to about 55 % by weight of citric acid,, and 
about 0 to about 5 % by weight of malic acid; 

25 - about 1 1 to about 38 % by weight of at least one alkali or 
alkaline earth carbonate or bicarbonate, preferably about 5 
to about 1 5 % by weight of calcium carbonate and about 5 to 
about 20 % by weight of sodium bicarbonate; 

- about 1 to about 4 % by weight of sweetener; 

30 - about 0.1 to about 35.0 % by weight of neutral substance 
(of which about 0.1 to about 0.5 % by weight is for the 
neutral substance coating), preferably about 1 to about 10 % 
by weight of sorbitol and about 5 to about 25 % by weight of 
mannitol; and 

35 - about 0.3 to about 3 % by weight of flavouring. 
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1 4 . The granular product or tablet according to any one of 
claims 1 to 10, wherein it contains, with respect to the 
total mixture, the following components : about 3 to about 

1 4 % by weight of ranitidine hydrochloride (75 - 300 mg per 
5 dose) ; about 30 to about 50 % by weight of citric acid; 

about 0 to about 20 % by weight of monosodium citrate; about 
10 to about 30 % by weight of sodium bicarbonate; about 2 to 
about 1 0 % by weight of sodium carbonate; about 1 to about 3 
% by weight of sweetener; about 0.05 to about 0,2 % by 
10 weight of neutral substance for the first coating as well as 
about 0 to about 1 5 % by weight of additional neutral sub- 
stances; about 0 to about 8 % by weight of antifoaming gra- 
nules, and about 0.1 to about 4 % by weight of flavoring. 

15. An effervescent tablet containing at least one pharma- 
ceutically active substance and an effervescent system com- 
prising at least one solid, edible, organic acid, at least 
one alkali metal carbonate or bicarbonate as a gas -forming 
component and at least one alkali metal salt of the acid, at 
least two layers being applied to carrier crystals consist- 
ing of the at least one acid, wherein the first layer con- 
tains at least one other, solid, edible, organic acid or the 
alkali metal salt of this other acid, or both, whereas the 
second layer contains at least one alkali metal salt of said 
at least one acid, and wherein the first layer additionally 
contains a neutral substance selected from the group con- 
sisting of a water-soluble polymer, a higher alcohol, a 
carbohydrate and a hydrocolloid. 

30 16. A granular product or tablet with an effervescent system 
and cisapride as the pharmaceutically active substance, 
wherein, at a total weight of less than 2 grams, preferably 
less than about 1.6 grams, it has an acid-binding capacity 
of less than 5 meq, preferably less than 3 meq. 



35 
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17. A granular product or tablet with an effervescent system 
and cimetidine as the pharmaceutical^ active substance, 
wherein, at a total weight of less than 2.5 grams, prefer- 
ably less than about 2.0 grams, it has an acid-binding 

5 capacity of less than 5 meg, preferably less than 3 meq. 

18. A granular product or tablet with an effervescent system 
and ranitidine as the pharmaceutical^ active substance, 
wherein, at a total weight of less than 2.6 grams, prefer- 

10 ably less than 2.0 g, it has an acid-binding capacity of 
less than 3 meq, preferably less than 2 meg. 

19. A method for the preparation of a granular product or of 
a tablet according to any one of the preceding claims, 

15 wherein crystals of at least one solid, edible organic acid 
are wet with an aqueous solution of a neutral substance, and 
then, before complete drying, an alkali and/or alkaline 
earth carbonate and/or bicarbonate in powder form is uni- 
formly distributed and anchored on the moist surface layer 

20 by mixing, whereupon the effervescent grains thus prepared 
are dried and mixed with a pharmaceutically active substance 
- preferably with an acid-sensitive one, especially one that 
is selected from the group consisting of H2-blockers, cime- 
tidine, ranitidine, cisapride and beta-carotene - and phar- 

25 maceutically acceptable adjuvants, and optionally compressed 
into tablets - 

20. The method according to claim 19, wherein, on the effer- 
vescent grains, at least one additional coating is applied 

30 by wetting the grains with the solution of a buffer sub- 
stance, preferably one that is selected from the group con- 
sisting of alkali carbonate, alkali bicarbonate, alkaline 
earth carbonate, alkaline earth bicarbonate, alkali salt of 
at least one solid edible organic acid and alkaline earth 

35 salt of at least one solid edible organic acid. 
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21. The method according to claim 19 or 20, wherein the so- 
lution further comprises a neutral substance selected from 
the group consisting of a water-soluble polymer, a higher 
alcohol, a carbohydrate and a hydrocolloid. 

22. The method according to any one of claims 19 to 21, 
wherein, in addition to the drug, the effervescent grains 
are also mixed with a granular product which has been made 
by applying an antifoaming agent in an appropriate solvent 
to the surface of neutral substance particles, and drying 
the solvent. 

23. The method according to any one of claims 19 to 22, 
wherein the dried effervescent grains are wetted with 

15 ethanol, which preferably contains an antifoaming agent 

dissolved, and are dried again, by evaporating the ethanol, 
to remove residual moisture. 

24. The method according to any one of claims 19 to 23, 

20 wherein the pharmaceutical^ active substance, before ad- 
mixing it to the effervescent system, is - together with a 
binding agent and/or a tenside - applied in solution to and 
uniformly distributed on the grains of a suspension agent 
and dried. 

25 

25. The method according to any one of claims 19 to 24, 
wherein the pharmaceutical^ active substance, before ad- 
mixing it to the effervescent system, is mixed with at least 
one neutral substance, at least one suspension agent and at 

30 least one substance selected from the group of alkali car- 
bonate, alkali bicarbonate, alkaline earth carbonate, alka- 
line earth bicarbonate, alkali salt of at least one solid 
edible organic acid, alkaline earth salt of at least one 
solid edible organic acid, whereafter a solution of at least 

35 one binding agent and/or a tenside is at least once applied 
to, distributed on the grains of the mixture and dried. 
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26. A process for the manufacture of effervescent granules 
from a powdered or granular mixture of a solid, edible, 
organic acid and the carbonate and/or bicarbonate of an 
alkali and/or alkaline earth metal under vacuum, wherein, 
5 for the passivation of the surface of at least one of the 
components to a state of strong inertia to the reaction, 
there is added to the heated mixture during the treatment 
under vacuum a metered quantity of a polar solvent, the 
difference in pressure caused by development of carbon di- 

10 oxide through the addition of solvent during the reaction 
being determined up to a maximum of 1000 mbar, the volume 
and mass of the carbon dioxide liberated being ascertained 
from this difference in pressure, and the heat treatment 
being repeated, after rapid drying of the mixture, as many 

15 times as necessary to obtain passivation of the surface as 
indicated by an evident slowing down of the reaction and by 
a reduced development of gas, and wherein in said polar sol- 
vent there is dissolved a neutral substance selected from 
the group consisting of a water-soluble polymer, a higher 

20 alcohol, a carbohydrate and a hydrocolloido 

27 • A process for the preparation of an effervescent granu- 
lar material containing at least one solid, crystalline 
edible organic acid and at least one carbonate of an alkali 
25 metal or an alkaline earth metal which splits off C0 2 upon 
reaction with said organic acid in aqueous solution, which 
comprises : 

- pre-reacting a portion of said organic acid and said car- 
bonate in solution in water and/or alcohol to form a pre- 

30 reaction product, 

- adding said pre-reaction product to an additional portion 
of said organic acid in crystalline form with thorough mix- 
ing to form a first coating by reaction with said organic 
acid crystals and liberation of the resulting water of 

35 crystallization, 
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- applying at least one additional coating including said 
carbonate onto the organic acid crystals with said first 
coating adhering thereto, and 

- terminating the reaction after the last coating has been 
5 applied by drying, wherein to said pre-reaction product 

there is added a neutral substance selected from the group 
consisting of a polymer soluble in water and/or alcohol, a 
higher alcohol, a carbohydrate and a hydrocolloid. 
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NOVEL ETHOXYCARBONYLOXYMETHYL 
DERIVATIVES OF SUBSTITUTED BENZIMIDAZOLES 

Field of the invention 

5 

The present invention is directed to new compounds with high optical purity, their 
use in medicine, a process for their preparation and their use in the manufacture of 
pharmaceutical preparation. 

10 Background of the invention 

The compound 5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]- 
sulfinyl]-lH-benzimidazole, having the generic name omeprazole is described in EP 
5129. Omeprazole is an effective gastric acid secretion inhibitor, and is useful as an 
1 5 antiulcer agent. 

A number of alkoxycarbonyloxymethyl derivatives of omeprazole are disclosed in EP 
0233284. The compounds, omeprazole as well as its N-substituted derivatives, being 
sulfoxides, have an asymmetric center in the sulfur atom, i.e. exist as two optical 
2 0 isomers (enantiomers). It is desirable to obtain compounds with improved 

pharmacokinetic and metabolic properties which will give an improved therapeutic 
profile such as lower degree of interindividual variation. The present invention 
provides such compounds, which are novel single enantiomers of ethoxy- 
carbonyloxymethyl derivatives of omeprazole. 

25 

The separation of the enantiomers of omeprazole in analytical scale is described in 
e.g. J. Chromatography, 532 (1990), 305-19 and in a preparative scale in DE 
4035455. The latter has been done by using a diastereomeric ether which is separated 
and thereafter hydrolysed in an acidic solution. 

30 

There is no example given in the prior art of the isolated and characterized 
compounds of the invention. 

Detailed description of the invention 

35 

The present invention refers to the new single enantiomers of 5-methoxy-2-[[(4- 
methoxy-3 ,5-dimethyl-2-pyridinyl)methyl] sulfinyl] - 1 H-benzimidazole- 1 -ylmethyl 
ethyl carbonate according to compounds la and lb 
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OCH 3 




OCH 3 



(la, lb) 



CH 2 - O C O CHjCHj 



15 



la (+)-enantiomer 
lb (-)-enantiomer 



as well as the new single enantiomers of 6-methoxy-2-[[(4-methoxy-3,5-dimethyl-2- 
pyridinyl)methyl]sulfmyl]-lH-benzimidazole-l-ylmethyl ethyl carbonate according 
2 0 to compounds Da and lib. 



25 



30 



yY chj ( 




(na, lib) 



35 



Ha (+)-enantiomer 
Hb (-)-enantiomer 



The invention also refers to the new single enantiomers of the regioisomeric mixture 
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of 5-methoxy-2-[[(4-methoxy-3,5-dimeto^ 

benzimidazole- 1-ylmethyl ethyl carbonate and 6-methoxy-2-[[(4-methoxy-3,5- 
dimethyl-2-pyridinyl)methyl]sulfm^ ethyl carbonate 

according to compounds ma and Mb, wherein the methoxy substituent in the 
5 benzimidazole moiety is in position 5 or 6. 



10 



15 




(Ilia, rab) 



Ilia (+)-enantiomer 

2 0 IQb (-)-enantiomer 

With the expression "optically pure compound of the invention" is meant the (+)- 
enantiomer of said compound (or compounds) essentially free of the corresponding 

2 5 (-)-enantiomer and the (-)-enantiomer essentially free of the corresponding (+)- 

enantiomer, respectively. 

It is believed that the compounds of invention is metabolized into the corresponding 
compounds, carrying H in the N-l position in the benzimidazole nucleus (compounds 

3 0 A and B, i.e. the single enantiomers of omeprazole) before exerting its effect 



4 
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10 



OCH 3 



H,C 




CH 3 



II 




OCH 3 



(A, B) 



A (+)-omeprazole 
B (-)-omeprazole 



15 



20 



Single enantiomers of omeprazole in neutral form (i.e. not as salts thereof) have 
hitherto only been obtained as syrups and not as crystalline products. However, the 
optically pure N-ethoxycarbonyloxymethyl derivatives, both the single enantiomers 
of pure regioisomers (i.e. the 5-rnethoxy-2-[[(4-methoxy-3,5-dimethyl-2- 
pyridinyl)methyl]sulfinyl]-lH-benzimidazole-l-ylmethyl ethyl carbonate isomer and 
the 6-methoxy-24t(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]-lH- 
benzimidazole- 1 -ylmethyl ethyl carbonate isomer) as well as the single enantiomers 
of regioisomeric mixtures are obtained as crystalline products. 



25 Therefore, it is possible to obtain crystalline products, which would be easier to 
handle (use) in the preparation of pharmaceutical formulations than a syrup of the 
single enantiomers of omeprazole in neutral form. 

Further, it is possible to use the single enantiomers of ethoxycarbonyloxymethyl 
3 0 derivatives of omeprazole to obtain the single enantiomers of omeprazole in neutral 
form in a higher purity. 

The optically pure compounds do not undergo directly racemization in neutral pH, 
which was surprising since N-substituted omeprazole derivatives, catalyzed by 
3 5 protons, are converted to achiral sulfenic acids which easily undergo the reverse 

reaction back to sulfoxides (see e.g. Brandstrom et al. Acta Chemica Scandinavica 43 
(1989) 587). It is obvious that such a reversible reaction from an achiral sulfenic acid 
back to a sulfoxide would cause a racemic compound. This high stability towards 
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racemization in neutral pH combined with the assumption that the compounds will be 
dissolved and converted to optically pure omeprazole in the intestine but not in the 
acidic compartments of the stomach makes it possible to use a single enantiomeric 
compound of invention in therapy. 

5 

The compounds according to the invention may be used for inhibiting gastric acid 
secretion in mammals and man. In a more general sense, the single enantiomeric 
compounds of the invention may be used for the treatment of gastric acid-related 
diseases and gastrointestinal inflammatory diseases in mammals and man, such as 

1 0 gastric ulcer, duodenal ulcer, reflux esophagitis, and gastritis. Furthermore, the 
compounds may be used for treatment of other gastrointestinal disorders where 
gastric antisecretory effect is desirable e.g. in patients on NS AID therapy, in patients 
with gastrinomas, and in patients with accute upper gastrointestinal bleeding. They 
may also be used in patients in intensive care situations, and pre- and postoperatively 

15 to prevent acid aspiration and stress ulceration. The compound of the invention may 
also be used for treatment or prophylaxis of inflammatory conditions in mammals, 
including man, especially those involving lysozymal enzymes. Conditions that may 
be specifically mentioned are rheumatoid arthritis and goat. The compounds of the 
invention may also be useful in the treatment of psoriasis as well as in the treatment 

2 0 of Helicobacter infections. 

Preparation 

The optically pure compounds of the invention, i.e. the single enantiomers may be 
2 5 prepared according to one of the following methods a), b) or c) described below. 

a) Reacting a compound of the formula IVa) or IVb). 



OCH 3 (IVa, IVb) 

/ 

z 



30 



35 



OCH 3 



H 3 C 
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15 



30 



IVa (+)-enantiomers 
IVb (-)-enantiomers 



wherein the methoxy substituent in the benzimidazole moiety is in position 5 or 6 and 
wherein Z is either a metal cation such as Na + , K + , Li + or Ag+ or a quaternary 
ammonium ion, such as tetrabutylammonium, with chloromethyl ethyl carbonate. 

10 b) Reacting a compound of the formula IVa) or IVb) either in the form of a pure 
regioisomer or as a regioisomeric mixture, wherein Z is hydroxymethyl, with a 
compound of the formula V, 



X-C(0)-0-CH2CH3 V 

wherein X is CI or imidazole or p-nitrophenoxy or a functionally equivalent group, in 
the presence of a suitable base such as trietylamine. 

c) Oxidizing a compound of the formula VI either as a pure regioisomer or as a 
2 0 regioisomeric mixture, wherein the methoxy substituent in the benzimidazole moiety 
is in position 5 or 6. 



OCH 3 




VI 



This oxidation may be carried out by using a chiral inducing oxidizing agent or by 
3 5 using an oxidizing agent with a chiral catalyst or any other chiral enviroment such as 
e.g. chiral solvents. 

The oxidation may also be carried out enzymatically by using an oxidizing enzyme or 
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microbiologicaUy by using a suitable microorganism. 

The reactions according to methods a) and b) above are suitably carried out under 
protective gas in the absence of water. Suitable solvents are acetonitrile, l-methyl-2- 
5 pyrrolidinone, acetone or dimethyl formamide or hydrocarbons such as toluene or 

benzene or halogenated hydrocarbons such as methylene chloride or chloroform. The 
reactions may be carried out at a temperature between the ambient temperature and 
the boiling temperature of the reaction mixture. 

10 The starting compounds IVa) and IVb), respectively, being salt of the single 

enantiomers of omeprazole, can be prepared by separating the two stereoisomers of a 
diastereomeric mixture of the following type 5- or 6-methoxy-2-[[(4~methoxy-3,5- 
dimethyl-2-pyridinyl)methyl]sulfinyl]-l-[acyloxymethyl]-lH-benzimidazole, 
formula VII 

15 



20 




(VII) 



CH 2^0Acyl 

25 

wherein the methoxy substituent in the benzimidazole moiety is in position 5 or 6, 
and wherein the Acyl radical is as defined below, followed by a solvolysis of each 
separated diastereomer in an alkaline solution. The formed single enantiomers of 
3 0 omeprazole are then isolated by neutralizing aqueous solutions of the salts of the 

single enantiomers of omeprazole with a neutralizing agent which can be an acid or 
an ester such as methyl formate. 

The Acyl moiety in the diastereomeric ester may be a chiral acyl group such as 
3 5 mandeloyl, and the asymmetric center in the chiral acyl group can have either R or S 
configuration. 

The diastereomeric esters can be separated either by chromatography or fractional 
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crystallization. 

The solvolysis usually takes place together with a base in a protic solvent such as 
alcohols or water, but the acyl group may also be hydrolysed off by a base in an 
5 aprotic solvent such as dimethylsulfoxide or dimethylformamide. Th reacting base 
may be OH" or R^O" where can be any alkyl or aryl group. 

To obtain the sodium salt of single enantiomers of omeprazole, the resulting 
compound is treated with a base, such as NaOH, in an aqueous or nonaqueous 
10 medium, or with NaOR^ where R^ is an alkyl group containing 1-4 carbon atoms, or 
with NaNH2- In order to obtain the crystalline form of the Na+ salt, addition of 
NaOH in a non-aqueous medium such as a mixture of 2-butanone and toluene, is 
preferred. 

1 5 When mixtures of regioisomers are obtained in any of the above methods, a pure 
regioisomer of a single enantiomer of the invention can be isolated by means of 
crystallization or chromatography. 

In those cases when a mixture of the two enantiomers are obtained, the single 
2 0 enantiomers can be separated according to known methods, e.g. by crystallisation 
from different solvents. 

In some cases the starting materials utilized in the methods a)-c) are unknown. These 
unknown starting materials may be obtained from known compounds by utilizing 

2 5 processes known per se . 

Chloromethyl ethyl carbonate may be obtained from ethanol by treatment with 
chloromethyl chloroformate in the presence of pyridine. 

3 0 Intermediates of formula IV, wherein Z is hydroxymethyl are obtained by reaction of 

the corresponding single enantiomer of omeprazole with formaldehyde. 

Starting materials of the formula V may be obtained by known methods, e.g. from 
ethanol by treatment with phosgene or 1,1-carbonyl diimidazole or p-nitrophenyl 
3 5 chloroformate. 

Starting materials of formula IV and VI can be obtained from the regioisomeric 
mixtures of the corresponding compounds by means of crystallization or 
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chromatography. 

For clinical use the single enantiomers, i.e. the optically pure compounds, of the 
invention are formulated into pharmaceutical formulations for oral, rectal, parenteral 
5 or other modes of administrations. The pharmaceutical formulations contain the 

single enantiomers of the invention normally in combination with a pharmaceutically 
acceptable carrier. The carrier may be in form of a solid, semi-solid or liquid diluent, 
or capsule. These pharmaceutical preparations are a further object of the invention. 
Usually the amount of active compound is between 0.1-95% by weight of the 
1 0 preparation, and between 1-50% by weight in preparations for oral administration. 

In the preparation of pharmaceutical formulations in form of dosage units for oral 
administration the optically pure compound may be mixed with a solid, powdered 
carrier, such as lactose, saccharose, sorbitol, mannitol, starch, amylopectin, cellulose 

15 derivates, gelatin or another suitable carrier, stabilizing substances such as alkaline 
compounds e.g. carbonates, hydroxides and oxides of sodium, potassium, calcium, 
magnesium and the like as well as with lubricating agents such as magnesium 
stearate, calcium stearate, sodium stearyl fumarate and polyethylenglycol waxes. The 
mixture is then processed into granules or pressed into tablets. Granules and tablets 

2 0 may be coated with an enteric coating which protects the active compound from acid 
catalysed degradation as long as the dosage form remains in the stomach. The enteric 
coating is chosen among pharmaceutically acceptable enteric-coating materials e.g. 
beeswax, shellac or anionic film-forming polymers and the like, if preferred in 
combination with a suitable plasticizer. To the coating various dyes may be added in 

2 5 order to distinguish among tablets or granules with different amounts of the active 

compound present. 

Soft gelatine capsules may be prepared with capsules containing a mixture of the 
active compound, vegetable oil, fat, or other suitable vehicle for soft gelatine 

3 0 capsules. Soft gelatine capsules may also be enteric -coated as described above* 

Hard gelatine capsules may contain granules or enteric-coated granules of the active 
compound. Hard gelatine capsules may also contain the active compound in 
combination with a solid powdered carrier such as lactose, saccharose, sorbitol, 
3 5 mannitol, potato starch, amylopectin, cellulose derivates or gelatin. The capsules may 
be enteric-coated as described above. 

Dosage units for rectal administration may be prepared in the form of suppositories 
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which contain the active substance mixed with a neutral fat base, or they may be 
prepared in the form of a gelatine rectal capsule which contains the active substance 
in a mixture with a vegetable oil, paraffin oil or other suitable vehicle for gelatine 
rectal capsules, or they may be prepared in the form of a ready-made micro enema, or 
5 they may be prepared in the form of a dry micro enema formulation to be 
reconstituted in a suitable solvent just prior to administration. 

Liquid preparation for oral administration may be prepared in the form of syrups or 
suspensions, e.g. solutions or suspensions containing from 0.2% to 20% by weight of 

1 0 the active ingredient and the remainder consisting of sugar or sugar alcohols and a 
mixture of ethanol, water, glycerol, propylene glycol and/or polyethylene glycol. If 
desired, such liquid preparations may contain colouring agents, flavouring agents, 
saccharine and carboxymethyl cellulose or other thickening agents. Liquid 
preparations for oral administration may also be prepared in the form of dry powder 

15 to be reconstituted with a suitable solvent prior to use. 

The typical daily dose of the active compound will depend on various factors such as 
for example the individual requirement of each patient, the route of administration 
and the disease. In general, oral and parenteral dosages will be in the range of 5 to 
2 0 500 mg per day of active substance. 

The invention is illustrated by the following examples. 

Example 1. Preparation of M-5-methoxv-2-rrr4-methoxv-3.5-dimethyl-2- 

2 5 pyridinvnmethvllsulfinvll-lH-benzimidazole-l-vlmethvl ethvl carbonate and ^Hb 

methoxv-2-rrf4-methoxv-3.5-dimethvL2-pvridinvnmethvllsulfinvn-lH- 
benzimidazole-l-ylmethvl ethvl carbonate 

(+)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]-lH- 

3 0 benzimidazole sodium salt 3.0 g (8.2 mmol) was dissolved in water (200 ml). The 

solution was neutralized with an aqueous solution of ammonium chloride and 
thereafter extracted with methylene chloride. The organic phase was dried over 
Na2S04, filtered and then removed by film evaporation. The oily residue containing 
(-)-5-methoxy-2[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]-lH- 
3 5 benzimidazole was dissolved in acetonitrile (50 ml). Potassium carbonate (1.2 g, 9.0 
mmol) together with chloromethyl ethyl carbonate (1.2 g, 9.0 mmol) was added and 
the mixture was stirred over night After evaporation the residue was partitioned 
between water and methylene chloride. The aqueous phase was pH adjusted to pH 9 
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with aqueous ammonia. The layers were separated and the organic phase was dried 
over Na2S04. After filtration the solvent was evaporated off. The product which 
consisted of approximately equal amounts of the two regioisomers was crystallized 
when a small amount of acetonitrile was added. There was obtained 3.3 g (90%) of 
5 the tide compounds as white crystals m.p. 81-96°C. [a] 20 £>=-121.4 (c=l%, 
chloroform). 

NMR data are given below 

10 Example 2. Preparation of (+V5-methoxy-2-rr(4-methoxv-3.5-dimethyl-2> 

pyridinvDmethvllsulfinylMH-benzimidazole-Nvlmethvl ethvl carbonate and T+V6- 
methoxv-24r(4-methoxv-3.5-dimethvl-2-pvridinvnmethvl1sulfinvll-1H^ 
benzimidazol e-l-vlmethvl ethvl carbonate 

15 (-)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]-l-H- 
benzimidazole sodium salt 3.0 g (8.2 mmol) was dissolved in l-methyl-2- 
pyrrolidinone (50 ml). Chloromethyl ethyl carbonate (1.2 g, 9.0 mmol) was added 
and the mixture was stirred over night. The reaction mixture was partitioned between 
water and methylene chloride. The organic layer was washed repeatedly with water 

2 0 and then dried over Na2S04. After evaporation the product was purified by flash 

chromatography on silica gel with a mixture of acetonitrile/methylene chloride as 
eluent The solvents were removed by film evaporation and there was obtained 2.4 g 
(66%) of the title compounds as white crystals m.p. 83-100°C. [cc] 20 d=+122.8 
(c=l%, chloroform). 

25 

NMR data are given below 

Example 3. Preparation of (-V5-methoxv-24rf4-methoxv-3.5-dimethvl-2- 
pvridinvttmethvllsulfin vll- 1 H-benzimidazole- 1 - vlmet h vl ethvl carbonate 

30 

Starting from 2.9 g of the regioisomeric mixture of (-)-5-methoxy-2-[[(4-methoxy- 
3,5-dimethyl-2-pyridinyl)methyl]suM^ ethyl 
carbonate and (-)-6-methoxy-2-[[(4-methoxy-3,5-dimethyl-2- 
pyridinyl)melliyl]sulfinyl]-l-H~benzimidazole-l-ylmethyl ethyl carbonate from 

3 5 Example 1 the regioisomers of the (-)-enantiomer was separated by repeated 

recrystallisations from 2-propanol in which the tide compound was somewhat less 
soluble. 76 mg of the title compound containing less than 8% of the other 
regioisomer was isolated. The product was obtained as white crystals, 
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m.p. 115-119°C. 



NMR data are given below. 



5 Example 4. Preparation of (-V6-methoxv-2-frf4-methoxv-3.5-dimethvl-2- 
pvridinvnmethvllsulfinvn-lH -henzimidazole-l-vlmethvl ethvl carbonate 

Starting from 2.9 g of the regioisomeric mixture of (-)-5-methoxy-2-[[(4-methoxy- 
3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]- 1 -H-benzimidazole- 1 -ylmethyl ethyl 

10 carbonate and (-)-6-methoxy-2-[[(4-methoxy-3,5-dimethyl-2- 

pyridinyl)methyl]sulfinyl]-l -H-benzimidazole- 1-ylmethyl ethyl carbonate from 
Example 1 the regioisomers of the (-)-enantiomer was separated by repeated 
recrystallisations from 2-propanol in which the title compound was somewhat more 
soluble. 30 mg of the title compound containing less than 8% of the opposite 

15 regioisomer was isolated. The product was obtained as white crystals, m.p. 97-100°C. 



NMR data are given below. 
Table 1. 

20 

Ex. Solvent NMR data 5 ppm 



1. CDCI3 1.3 (m, 3H), 2.2-2.3 (m, 6H), 3.71 (s, 3H), 3.86 and 3.90 

300 MHz (two singlets, 3H), 4. 18-4.27 (m, 2H), 4.88 (d, 1H), 4.98 (d, 
2 5 lH),6.37-6.42 (m, 1H), 6.51-6.58 (m, 1H), 6.96-7.26 (m, 2H), 

7.53 and 7.67 (two doublets, 1H), 8.16 (s, 1H). 



2. CDCI3 1.3 (m, 3H), 2.2-2.3 (m, 6H), 3.70 (s, 3H), 3.84 and 3.89 

300 MHz (two singlets, 3H), 4. 17-4.26 (m, 2H), 4.87 (d, 1H), 4.97 (d, 
3 0 1H), 6.36-6.42 (m, 1H), 6.50-6.57 (m, 1H), 6.95-7.26 (m, 2H), 

7.53 and 7.67 (two doublets, 1H), 8.15 (s, 1H). 



3. CDCI3 1.28 (s, 3H), 2.20 (s, 3H), 2.24 (s, 3H), 3.69 (s, 3H), 

300 MHz 3.84 (s, 3H), 4.21 (q, 2H), 4.87 (d, 1H), 4.97 (d, 1H), 
3 5 6.38 (d, 1H), 6.52 (d, 1H), 7.05 (dd, 1H), 7.24 (d, 1H), 

7.53 (d, 1H), 8.15 (s, 1H). 
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4. CDC13 1.30 (s, 3H), 2.22 (s, 3H), 2.24 (s, 3H), 3.70 (s, 3H), 

500 MHz 3.90 (s, 3H), 4.23 (q, 2H), 4.88 (d, 1H), 4.97 (d, 1H), 
6.41 (d, 1H), 6.55 (d, 1H), 6.98 (dd, 1H), 7.10 (d, 1H), 
7.67 (d, 1H), 8.16 (s, 1H). 

5 

Preparation of the starting compounds used in Examples 1 and 2 are described in the 
following examples. Further some intermediates used in said preparation of the 
starting compounds are described by examples. 

10 

Example 5. Preparation of r+V5-methoxv>24rr4-methoxv-3.5-dimethvl-2- 
pyridinvDmethvllsiilfinyn-lH-benzimidazole sodium salt 

100 mg (0.3 mmol) of (-)-5-meihoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)- 
15 methyl]sulfinyl]-lH-benzimidazole (contaminated with 3% of the (+)-isomer) was 
dissolved in 1 ml of 2-butanone with stirring. 60 pi of an aqueous solution of 5.0 M 
sodium hydroxide and 2 ml of toluene were added. The resultant mixture was non- 
homogeneous. In order to obtain a clear solution, more 2-butanone was added (ca 1 
ml) and the mixture was stirred at ambient temperature over night. The formed 
2 0 precipitate was filtered off and washed with ether. There was obtained 5 1 mg (46%) 
of the title compound as white crystals m.p. (decomposition) 246-248°C. The optical 
purity (e.e. ) which was analyzed by chiral column chromatography was >99.8%. 
[a] 20 D = +42,8° (c=0.5%, water). 

2 5 NMR data are given below. 

Example 6. Prepa ration of r-V5-methoxv-2-rrf4-methoxv-3.5-dimethvl-2- 
pyridinyl)methyl1gylfinyl1-lH-b^nzimidazQle sodiym <glt 

3 0 100 mg (0.3 mmol) of (+)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)- 

methyl] sulfinyl]-lH-benzimidazole (contaminated with 3% of the (-)-isomer) was 
dissolved in 1 ml of 2-butanone with stirring. 60 pi of an aqueous solution of 5.0 M 
sodium hydroxide and 2 ml of toluene were added. The resultant mixture was non- 
homogeneous. In order to obtain a clear solution, more 2-butanone was added (ca 1 
3 5 ml) and the mixture was stirred at ambient temperature over night. The formed 

precipitate was filtered off and washed with ether. There was obtained 56 mg (51%) 
of the title compound as white crystals m.p. (decomposition) 247-249°C The optical 
purity (e.e. ) which was analyzed by chiral column chromatography was >99.8%. 
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[a] 20 D = -44.1° (c=0.5%, water). 
NMR data are given below. 
5 Table 2 

Ex. Solvent NMR data pp m 

5. DMSO-d 6 2.20 (s, 3H), 2.22 (s, 3H), 3.69 (s, 3H), 3.72 (s, 3H), 4.37 

10 500 MHz (d, 1H), 4.75 (d, 1H), 6.54 (dd, 1H), 6.96 (d, 1H) 7.30 (d, 1H), 

8.21 (s, 1H). 

6. DMSO-d 6 2.20 (s, 3H), 2.22 (s, 3H), 3.69 (s, 3H), 3.72 (s, 3H), 

500 MHz 4.38 (d, 1H), 4.73 (d, 1H), 6.54 (dd, 1H), 6.96 (d, 1H), 7.31 (d, 
15 1H), 8.21 (s, 1H). 



Example 7. Preparation of 6-methoxv-24rf4-methoxy-3.5<iimethyl-2- 
pvridinvDmethvn-fR/S Vsulfinvll- 1 -rfRVmandelovloxvmethvIl- 1 H-benzimidazole 

20 

A solution of 3.4 g sodium hydroxide in 40 ml water was added to a mixture of 14.4 g 
(42 mmol) tetrabutylammonium hydrogen sulphate and 6.4 g (42 mmol) (R)-(-)- 
mandelic acid. The mixture was extracted with 400 ml chloroform. After separation, 
the organic extract was heated to reflux with 1 6.6 g (42 mmol) of the racemate of 6- 

2 5 methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridm^ 

lH-benzimidazole. Evaporation of the solvent was followed by dilution with 100 ml 
dichloromethane and 700 ml ethyl acetate. The mixture was washed with 3 x 200 ml 
water and the organic solution was dried over MgSC>4 and then evaporated. The crude 
material was purified by recrystallization from 100 ml acetonitrile, giving 8.1 g of the 

3 0 title compound (38%) as a diastereorneric mixture. 

NMR data are given below. 

Example 8. Separation of the more hydrophilic diastereomer of 6-methoxv-2-nY4- 
3 5 methoxv-3.5-dimethvl-2-pyridm^^ 

mandeloyloxymeth vll- 1 H-benzimidazole 



The diastereomers of the title compound in Example 7 were separated using reversed 
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phase chromatography (HPLC). Approximately 300 mg of the diastereomeric mixture 
was dissolved in 10 ml hot acetonitrile which was diluted with 10 ml of a mixture of 
aqueous 0. 1 M ammoniumacetate and acetonitrile (70/30). The solution was injected 
to the column and the compounds were eluted with a mixture of aqueous 0.1 M 
5 ammoniumacetate and acetonitrile (70/30). The more hydrophilic isomer was easier to 
obtain pure than the less hydrophilic one. The work up procedure for the fraction 
which contained pure isomer was as follows; extraction with dichloromethane, 
washing the organic solution with aqueous 5 % sodium hydrogen carbonate solution, 
drying over Na2SC>4 and evaporation of the solvent on a rotavapor (at the end of the 
1 0 evaporation the removal of acetonitrile was facilitated by adding more 

dichloromethane). Using 1.2 g of the diastereomeric mixture with the above mentioned 
technique, the more hydrophilic isomer, 410 mg, was obtained in a pure state as a 
colourless syrup. 

1 5 NMR data are given below. 

Example 9. Preparation of 6-methoxv-24rf4-methoxv-3.5-dimethyl-2- 
pyridinvDmethvll- fR/S Vsulfinvl 1- 1 -U S Vmandelovloxymethvll- 1 H-benzimidazole 

2 0 The product was obtained from 8.1 g (202 mmol) sodium hydroxide in 100 ml water, 
34.4 g (101 mmol) tetrabutylammonium hydrogen sulfate, 15.4 g (101 mmol) (S)-(+)- 
mandelic acid and 39.9 g (101 mmol) of the racemate of 6-methoxy-2-[[(4-methoxy- 
3,5-dimethyl-2-pyridinyl)methyl]-sd using 
the same procedure as in Example 7. Recrystallization from 100 ml acetonitrile yielded 

2 5 21.3 g, i.e. 41 % of the title compound as a diastereomeric mixture. 

NMR data are given below. 

Example 10. Separation of the more hydrophilic diastereomer of 6-methoxv-2-rFf4- 

3 0 methoxv-3.5-dimethvl-2-p\mdm 

mandeloyloxymethyll- 1 H-benzimidazole 

The diastereomers of the title compound in Example 9 were separated using reversed 
phase chromatography (HPLC) in the same way as in Example 8, but using the 
3 5 diasteromeric mixture of 6-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]- 
(R/S)-sulfmyl]-l-[(S)-mandeloyloxymethyl]-lH-benzimidazole instead of the (R)- 
mandelic ester used in Example 8. Using 2.1 g of the diastereomeric mixture, the more 
hydrophilic isomer, 760 mg, was obtained in a pure state as a colourless syrup. 
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NMR data are given below. 

Example 1 1 . Preparation of f-V5-methQxv-2>rrr4-methoxv-3.5-dimethvl-2- 
5 pyri(jinyl)methyI1-s^ 

0.23 g (0.45 mmol) of the more hydrophilic diastereomer of 6-methoxy-2-[[(4- 
methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]-l- 

benzimidazole was dissolved in 15 ml methanol. A solution of 36 mg (0.9 mmol) 
1 0 sodium hydroxid in 0.45 ml water was added, and after 10 minutes the mixture was 
evaporated on a rotavapor. The residue was partitioned between 15 ml water and 15 
ml dichloromethane. The organic solution was extracted with 15 ml water and to the 
combined aqueous solutions was added 85 pi (1.4 mmol) methyl formate. After 15 
minutes the mixture was extracted with 3x10 ml dichloromethane. The organic 
15 solution was dried over Na2SC>4 and then evaporated. There was obtained 0.12 g 

(77%) of the title compound as a colourless syrup. The optical purity (e.e.) which was 
analyzed by chiral column chromatography was 94%. [cx]20j}= -155° (c=0.5%, 
chloroform). 

2 0 NMR data are given below 

Example 12. Preparation of f-fV5'methoxv-2-rrf4-methoxv-3.5~dimethvl-2- 
pyridinynmethvll-sulfinvlVlH-benzimidazole 

2 5 0.76 g (1.5 mmol) of the more hydrophilic diastereomer of 6-methoxy-2-[[(4- 

methoxy-3,5-dimethyl-2-pyridinyl)m 

benzimidazole was dissolved in 50 ml methanol. A solution of 0.12 mg (3.0 mmol) 
sodium hydroxid in 1.5 ml water was added, and after 10 minutes the mixture was 
evaporated on a rotavapor. The residue was partitioned between 25 ml water and 25 

3 0 ml dichloromethane. The organic solution was extracted with 25 ml water and to the 

combined aqueous solutions was added 200 pi (3.2 mmol) methyl formate. After 15 
minutes the mixture was extracted with 3x25 ml dichloromethane. The organic 
solution was dried over Na2SC>4 and then evaporated. There was obtained 0.42 g 
(81%) of the title compound as a colourless syrup. The optical purity (e.e.) which was 
3 5 analyzed by chiral column chromatography was 98%. [oc] 20 D =+157° (c=0.5%, 
chloroform). 

NMR data are given below 
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Table 3. 

Ex* Solvent NMR data ppm 

5 

7. CDC1 3 2. 1 8 (s, 3H), 2.20 (s, 3H), 2.36 (s, 3H), 2.39 (s, 3H), 

500 MHz 3.77 (s, 3H), 3.78 (s, 3H), 3.82 (s, 3H), 3.87 (s, 3H), 4.80 (d, 
1H), 4.88 (d, 1H), 5.0 (m, 2H), 5.34 (s, 2H), 6.43 (d, 1H), 6.54 
(d, 1H), 6.6-6.7 (m, 2H), 6.90 (d, 1H), 6.95-6.98 (m, 2H), 7.01 
1 0 (d, 1H), 7.2-7.3 (m, 6H), 7.37 (m, 2H), 7.44 (m, 2H), 7.58 (d, 

1H), 7.62 (d, 1H), 7.95 (s, 1H), 7.97 (s, 1H). 

8. CDCI3 2.20 (s, 3H), 2.36 (s, 3H), 3.78 (s, 3H), 3.82 (s, 3H), 

500 MHz 4.80 (d, 1H), 5.00 (d, 1H), 5.35 (d, 1H), 6.43 (d, 1H), 6.63 (d, 
15 1H), 6.90 (d, 1H), 6.97 (dd, 1H), 7.2-7.3 (m, 3H), 7.37 (m, 

2H), 7.62 (d, 1H), 7.97 (s, 1H). 

9. CDCI3 2.19 (s,3H), 2.20 (s, 3H), 2.36 (s, 3H), 2.39 (s, 3H), 3.77 
500 MHz (s, 3H), 3.78 (s, 3H), 3.83 (s, 3H), 3.87 (s, 3H), 4.80 (d, 1H), 

2 0 4.88 (d, 1H), 5.0 (m, 2H), 5.34 (s, 2H), 6.43 (d, 1H), 6.54 (d, 

1H), 6.6-6.7 (m, 2H), 6.90 (d, 1H), 6.96-6.98 (m, 2H), 7.01 (d, 
1H), 7.2-7.3 (m, 6H), 7.37 (m, 2H), 7.44 (m, 2H), 7.58 (d, 1H), 
7.62 (d, 1H), 7.95 (s, 1H), 7.97 (s, 1H). 

25 10. CDCI3 2.20 (s, 3H), 2.36 (s, 3H), 3.78 (s, 3H), 3.82 (s, 3H), 4.80 

500 MHz (d, 1H), 5.00 (d, 1H), 5.35 (d, 1H), 6.43 (d, 1H), 6.63 (d, 1H), 
6.90 (d, 1H), 6.97 (dd, 1H), 7.2-7.3 (m, 3H), 7.37 (m, 2H), 
7.62 (d, 1H), 7.97 (s, 1H). 

3 0 11. CDCI3 2.18, (s,3H), 2.22 (s,3H), 3.68 (s,3H), 3.83 (s,3H), 

300 MHz 4.77 (m, 2H), 6.93 (dd, 1H), =7.0 (b, 1H), =7.5 (b, 1H), 8.19 
(s, 1H). 

12. CDCI3 2.21 (s, 3H), 2.23 (s, 3H), 3.69 (s, 3H), 3.84 (s, 3H), 4.76 (m, 

3 5 2H), 6.94 (dd, 1H), =7.0 (b, 1H), =7.5 (b, 1H), 8.20 (s, 1H). 

The best mode of carrying out the invention known at present is to use the compounds 
described in Example 3 and Example 4. 
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Pharmaceutical preparations containing the compounds of the invention as active 
ingredient are illustrated in the following formulations. 

5 Syrup 

A syrup containing 1% (weight per volume) of active substance was prepared from 
the following ingredients: 



10 Compounds according to Example 1 1.0 g 

Sugar, powder 30.0 g 

Saccharine 0.6 g 

Glycerol 5.0 g 

Flavouring agent 0.05 g 

15 Ethanol96% 5.0 g 

Distilled water q.s. to a final volume of 100 ml 



Sugar and saccharine were dissolved in 60 g of warm water. After cooling the active 
compounds was added to the sugar solution and glycerol and a solution of flavouring 
2 0 agents dissolved in ethanol were added. The mixture was diluted with water to a final 
volume of 100 ml. 

Tables 

2 5 A tablet containing 50 mg of active compound was prepared from the following 
ingredients: 



I Compounds according to Example 2 500 g 

3 0 Lactose 700 g 

Methyl cellulose 6 g 

Polyvinylpyrrolidone cross-linked 50 g 

Magnesium stearate 15 g 

Sodium carbonate 6 g 

3 5 Distilled water q.s. 

II Hydroxypropyl methylcellulose 3 g 
Polyethylene glycol 19 g 
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Colour Titanium dioxide 4 g 

Purified water 3 1 3 g 



I Compounds according to Example 2 was mixed with lactose and granulated 
5 with a water solution of methyl cellulose and sodium carbonate. The wet mass was 

forced through a sieve and the granulate dried in an oven. After drying the granulate 
was mixed with polyvinylpyrrolidone and magnesium stearate. The dry mixture was 
pressed into tablet cores (10 000 tablets), each tablet containing 50 mg of active 
substance, in a tabletting machine using 7 mm diameter punches. 

10 

II A solution of hydroxypropyl methylcellulose and polyethylene glycol in 
purified water was prepared. After dispersion of titanium dioxide the solution was 
sprayed onto the tablets I in an Accela CotaR, Manesty coating equipment. A final 

15 tablet weight of 125 mg was obtained. 

Cgpsylgg 

Capsules containing 30 mg of active compound were prepared from the following 
2 0 ingredients: 



Compounds according to Example 2 300 g 

Lactose 700 g 

Microcrystalline cellulose 40 g 

2 5 Hydroxypropyl cellulose low-substituted 62 g 

Disodium hydrogen phosphate 2 g 

Purified water q.s. 



The active compound was mixed with the dry ingredients and granulated with a 
3 0 solution of disodium hydrogen phosphate. The wet mass was forced through an 
extruder and spheronized and dried in a fluidized bed dryer. 

500 g of the pellets above were first coated with a solution of hydroxypropyl 
methylcellulose, 30 g, in water, 600 g, using a fluidized bed coater. After drying, the 
3 5 pellets were coated with a second coating as given below: 

Coating solution: 
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5 



Hydroxypropyl methylcellulose phthalate 

Cetyl alcohol 

Acetone 

Ethanol 



70 g 

4g 

600 g 
200 g 



The final coated pellets were filled into capsules. 
Su ppositories 

10 

Suppositories were prepared from the following ingredients using a welding 
procedure. Each suppository contained 40 mg of active compound. 

Compounds according to Example 1 4 g 

15 WitepsolH-15 180 g 

The active compound was homogenously mixed with Witepsol H- 15 at a temperature 
of 41° C. The molten mass was volume filled into pre-fabricated suppository 
packages to a net weight of 1.84 g. After cooling the packages were heat sealed. Each 
2 0 suppository contained 40 mg of active compound. 
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1 . Single enantiomeric compounds having the formula Ilia and Illb 



OCH 3 



10 



H 3 C 




OCH3 



(nia, nib) 



ch 2 -o 



. C — -O CH 2 CH 3 



o 



15 



Ilia (+ )-enantiomer 
Illb (-)-enantiomer 



2 0 wherein the methoxy substituent in the benzimidazole moiety is in position 5 or 6. 

2. Compounds according to claim 1, characterized in that the compounds 
are (0-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfmyl]-lH- 
benzimidazole-1 -ylmethyl ethyl carbonate, (-)-6-methoxy-2-[[(4-methoxy-3,5- 

2 5 dimethyl-2-pyridinyl)methyl]sulfinyl]- 1 H-benzimidazole- 1 -ylmethyl ethyl carbonate, 

(+)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]-lH- 
benzimidazole- 1 -ylmethyl ethyl carbonate and (+)-6-methoxy-2-[[(4-methoxy-3,5- 
dimethyl-2-pyridinyl)methyl]sulfinyl]- 1 H-benzimidazole- 1 -ylmethyl ethyl carbonate. 

3 0 3. Compounds according to claim 1 characterized in that the compounds 

are (0-5-methoxy-2-[[(4-methoxy-3,5-dimethyl--2-pyridinyl)methyl]sulfinyl]-lH- 
benzimidazole- 1 -ylmethyl ethyl carbonate and (-)-6-methoxy-2-[[(4-methoxy-3,5- 



dimethyl-2-pyridinyl)methyl]sulfinyl]- 1 H-benzimidazole- 1 -ylmethyl ethyl carbonate. 

3 5 4. Compounds according to claim 1 characterized in that the compounds 
are (+)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyI]-sulfinyl]-lil- 
benzimidazole- 1 -ylmethyl ethyl carbonate and (+)-6-methoxy-2-[[(4-methoxy-3,5- 



dimethyl-2-pyridinyl)methyl]sulfinyl]- 1 H-benzimidazole- 1 -ylmethyl ethyl carbonate. 
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5. Compound according to claim 1 characterized in that the compound is 



(0-5-methoxy-24[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]-lH- 
benzimidazole-l-ylmethyl ethyl carbonate substantially free of its (+)-enantiomer, 

5 

6. Compound according to claim 1 characterized in that the compound is 
(-)-6-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]-lH- 
benzimidazole-l-ylmethyl ethyl carbonate substantially free of its (+)-enantiomer, 

10 7. Compound according to claim 1 characterized in that the compound is 
(+)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfmyl]-lH- 
benzimidazole-l-ylmethyl ethyl carbonate substantially free of its (-)-enantiomer. 

8, Compound according to claim 1 characterized in that the compound is 
1 5 (+)-6-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]- 1H- 

benzirnidazole- 1-ylmethyl ethyl carbonate substantially free of its (-)-enantiomer. 

9. A process for the preparation of compounds according to claim 1 
characterized by 

20 

a) reacting a compound of the formula P/a) or IVb) 




OCH 3 



25 



H 3 C 



OCH3 



30 



(IVa, IVb) 



2 



35 



IVa, (+)-enantiomers 
IVb, (-)-enantiomers 
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wherein the methoxy substituent in the benzimidazole moiety is in position 5 or 6, 
and wherein Z is either a metal cation such as Na + , K + , Li + or Ag + or a quaternary 
ammonium ion, such as tetrabutylammonium, with chloromethyl ethyl carbonate, 

b) reacting a compound of the formula IVa) or IVb) either in the form of a pure 
regioisomer or as a regioisomeric mixture, wherein Z is hydroxymethyl, with a 
compound of the formula V, 

X-C(0)-0-CH2CH3 V 

wherein X is CI or imidazole or p-nitrophenoxy or a functionally equivalent group, in 
the presence of a suitable base such as triethylamine, or 



c) oxidizing a compound of the formula VI either as a pure regioisomer or as a 
15 regioisomeric mixture, 



20 



25 



OCH 3 





OChU 



VI 



CH 2 -0 C O CH 2 CH 3 

O 



3 0 and when mixtures of regioisomers are obtained in any of the above methods the pure 
regioisomeric compound is isolated by crystallisation or chromatography. 

1 0. Pharmaceutical preparation comprising a single enantiomeric compound 
according to any of claims 1-8 as active ingredient. 

35 

11. Single enantiomeric compounds according to any of claims 1-8 for use in 
therapy. 
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12. Use of a single enantiomeric compound according to any of claims 1-8 in the 
manufacture of a pharmaceutical formulation for inhibiting gastric acid secretion. 

13. Use of a single enantiomeric compound according to any of claims 1-8 for the 
5 manufacture of a pharmaceutical formulation for the treatment of gastrointestinal 

inflammatory diseases. 

14. A method for inhibiting gastric acid secretion comprising administration to a 
mammal including man in need of such treatment an effective amount of an 

1 0 enantiomeric compound according to any of claims 1-8. 

15. A method for the treatment of gastrointestinal inflammatory diseases comprising 
administration to a mammal including man in need of such treatment an effective 
amount of an enantiomeric compound according to any of claims 1-8. 

15 
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NOVEL D1ALKOXY-PYRIDINYL-BENZIMIDAZOLE DERIVATIVES 

Field of the invention 

5 The present invention is directed to new compounds with high optical purity, 
their use in medicine, a process for their preparation and their use in the 
manufacture of pharmaceutical preparation. The invention also relates to novel 
intermediates in the preparation of the compounds of the invention. 

10 

Background pf th e inventio n 

The compound 5-carbomethoxy-6-methyl-2-[[(3,4-dimethoxy-2- 
pyridmyl)methyl]sulfinyl]-lH benzimidazole, and therapeutically acceptable salts 

15 thereof are described in application number EP 91911618-6. This compound and its 
therapeutically acceptable salts are effective gastric acid secretion inhibitors, and 
are useful as antiulcer agents. The compounds, being sulfoxides, have an 
asymmetric center in the sulfur atom, i.e. exist as two optical isomers 
(enantiomers). It is desirable to obtain compounds with improved 

20 pharmacokinetic and metabolic properties which will give an improved 

therapeutic profile. The present invention provides such compounds, which are 
novel salts of single enantiomers of 5-carbomethoxy-6-methyl-2-[[(3,4-dimethoxy- 
2-pyridinyl)methyl]sulfinyl]-lH benzimidazole as well as the novel single 
enantiomers of the neutral form of said compound. 

25 

The separation of the enantiomers of therapeutically active sulfoxides, such as 
substituted benzimidazoles, for example omeprazole (5-methoxy-2-[ [(4~methoxy- 
3,5-dimethyl-2-pyridmyl)methy^ in analytical scale is 

described in e.g. J. Chromatography, 532 (1990), 305-19. The isolation of single 

30 enantiomers of the sulfoxide agent Ro 18-5364 is described in Euro. J. Biochem. 166 
(1987) 453-459. Furthermore, separation of the enantiomers of omeprazole in a 
preparative scale is described in DE 4035455. The latter has been done by using a 
diastereomeric ether which is separated and thereafter hydrolysed in an acidic 
solution. Under the acidic conditions needed for hydrolysis of the attached group, 

35 the active compound, omeprazole, is quite sensitive and the acid has to be quickly 
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neutralized with a base to avoid degradation of the acid-sensitive compound. In 
the above mentioned application this is done by adding the reaction mixture 
containing concentrated sulfuric acid to a concentrated solution of NaOH. This is 
disadvantageous because there is a great risk of locally reaching pH values 
5 between 1-6, which would be devastating for the substance. Moreover, 

instantaneous neutralization will create heat which will be difficult to handle in 
large scale production. 

The present invention in a further aspect provides a novel method for preparing 
10 the novel compounds of the invention in large scale. Thus, this novel method can 
be used in large scale to obtain single enantiomers of the compound of the 
invention in neutral form, as well as in the form of the therapeutically acceptable 
salts. 

15 These novel compounds of the invention, being sulfoxides, could be expected to 
undergo racemization in neutral pH as well as in basic pH. See for example 
Brandstrom et al, Acta Chemica Scandinavia 43 (1989) p.536-547. Surprisingly, the 
inventors now found that the novel single enantiomers of 5-carbomethoxy-6- 
methyl-2-[[(3,4-dimethoxy-2-pyridinyl)methyl]sulfinyl]-lH benzimidazole as well 

20 as its therapeutically acceptable salts are stable towards racemization. 

There is no example known in the prior art of any isolated or characterized single 
enantiomers of the compound of the invention. Furthermore, the inventors are not 
aware of any description in the scientific literature of any isolated salt of a single 
25 enantiomer of the claimed type. 

Detailed description of the invention 

30 The present invention refers to the new single enantiomers of 5-carbomethoxy-6- 
methyl-2-[[(3,4-dimethoxy-2-pyridinyl)methyl]sulfinyl]-lH benzimidazole 
according to compounds la and lb 
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OCH 3 

U V N^/COOC^ 
N CH 2 — $~\ J I 

H 

la (+)-enantiomer 
lb (-)-enantiomer 

5 

as well as therapeutically acceptable salts thereof. Such salts are for example the 
Na+, Mg 2+ , Ca 2+ , Li + , K+ and N+(R)4 salts of the single enantiomers of said 
compound, where R is an alkyl group with 1-4 carbon atoms, i.e. (+)-5- 
carbomethoxy-6-methyl-2-[[(3,4-dimethoxy-2-pyridinyl)methyl]sulfinyl] 
10 benzimidazole and (-)-5-carbomethoxy-6-methyl-2-[[(3,4-dimethoxy-2- 

pyridinyl)methyl]sulfinyl]-lH benzimidazole as well as Na+, Mg 2 +, Ca 2 +, Li + , K+ 
and N+(R)4 salts of the single enantiomers, where R is an alkyl group with 1-4 
carbon atoms. 

15 Particularly preferred salts of the compound of the invention are the Na+, Mg 2+ 
and Ca 2 + salts of the single enantiomers of 5-carbomethoxy-6-methyl-2-[[(3,4- 
dimethoxy-2-pyridinyl)methyl]sulfinyl]-lHbeiizimidazole. 

The most preferred compounds of the invention are the optically pure 5- 
20 carbomethoxy-6-methyl-2-[[(3,4-dim 

benzimidazole according to the above formulas la and lb. Further preferred 
compounds are the optically pure Na + salts of 5-carbomethoxy-6-methyl-2-[[(3,4~ 
' dimethoxy-2-pyridinyl)methyl]suliinyl]-lH benzimidazole according to 
compounds Ha and lib 

25 
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(Ha, lib) 



Ha (+)-enantiomer 
Eh (-)-enantiomer 



5 and the optically pure magnesium salts of said compounds having the formulas 
ma and Hlb. 




10 Ilia (+)-enantiomer 

Hlb (-)-enantiomer 

With the expression "optically pure compound of the invention" is meant the (+)- 
enantiomer of said compound essentially free from the corresponding (-)- 

15 enantiomer and the (-)-enantiomer essentially free from the corresponding (+)- 
enantiomer, respectively. Thus, every single compound of the invention is 
obtained in high optical purity. By means of the novel specific method according 
to one aspect of the invention of preparing the single enantiomers, the compounds 
of the invention are easy to obtain. Moreover, as mentioned above the novel 

20 optically pure compounds are stable towards racemization in neutral pH as well 
as basic pH. The former was surprising since the mechanism of the degradation 
reactions at neutral pH of these kind of sulfoxides (omeprazole analogues) 
contains reversible reactions via achiral intermediates (see e.g. Brandstrom et al. 
Acta Chemica Scandinavica 43 (1989) 536-547, especially p.538). It is obvious that 

25 such reversible reactions from achiral intermediates back to a sulfoxide would 
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cause a racemic product. Further, the novel optically pure compounds are stable 
towards racemization in basic pH, which was surprising since the known 
deprotonation at the carbon atom between the pyridine ring and the chiral 
sulphur atom was expected to cause racemization under alkaline conditions. This 
5 high stability towards racemization, both in neutral pH and basic pH, makes it 
possible to use a single enantiomeric compound of the invention in the neutral 
form as well as salts thereof in therapy. 

The specific method of preparation of the single enantiomers of the compound of 
10 the invention is a further aspect of the invention as mentioned above and it can be 
used to obtain the single enantiomeric compounds in the neutral form as well as 
the salts thereof. 

The single enantiomeric compounds of the invention as well as the racemate have 
15 a high level of bioavailability, and does not block the uptake of iodine into the 
thyroid gland, and still said compounds are very effective as inhibitors of gastric 
acid secretion and exhibit high stability properties at neutral pH. 

The compounds according to the invention may be used for inhibiting gastric acid 
20 secretion in mammals and man. In a more general sense, the single enantiomeric 
compounds of the invention may be used for the treatment of gastric acid-related 
diseases and gastrointestinal inflammatory diseases in mammals and man, such as 
gastric ulcer, duodenal ulcer, reflux esophagitis, and gastritis. Furthermore, the 
compounds may be used for treatment of other gastrointestinal disorders where 
25 gastric antisecretory effect is desirable e.g. in patients on NSAID therapy, in 
patients with gastrinomas, and in patients with accute upper gastrointestinal 
bleeding. They may also be used in patients in intensive care situations, and pre- 
and postoperatively to prevent acid aspiration and stress ulceration. The 
compound of the invention may also be used for treatment or prophylaxis of 
30 inflammatory conditions in mammals, including man, especially those involving 
lysozymal enzymes. Conditions that may be sepcifically mentioned are 
rheumatoid arthritis and gout. The compound of the invention may also be useful 
in the treatment of psoriasis as well as in the treatment of Helicobacter infections. 

35 Yet a further aspect of the invention is the diasteromeric mixture of a 

regioisomeric mixture having the formula IV, which is an intermediate used in the 
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specific method of preparation, wherein the carbomethoxy and methyl 
substituents in the benzimidazole moiety are in the 5 or 6 position, respectively. 



OCH 3 




5 

Preparation 

The optically pure compounds of the invention, i.e. the single enantiomers, are 
prepared by separating the stereoisomers of a diastereomeric mixture of the 
10 regioisomeric mixture of the following type, 5-carbomethoxy-6-methyl-2-[[(3,4- 
dimethoxy-2-pyridinyl)methyl]-^ 

benzimidazole and 6-carbomethoxy-5-methyl-2-[[(3 / 4-dimethoxy-2- 

pyridmyl)methyl]-(R/S)-sulfmy^ 

formula V 




CH 2 — OAcyl 



wherein the carbomethoxy and methyl substituents in the benzimidazole moiety 
are in position 5 or 6, respectively, and wherein the Acyl radical is as defined 
20 below, followed by a solvolysis of each separated diastereomer in an alkaline 

solution. The formed single enantiomeric compounds of the invention in neutral 
form are then isolated by neutralizing aqueous solutions of the salts of said 
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10 



compounds with a neutralizing agent which can be an acid or an ester such as 
methyl formate. 

The Acyl moiety in the diastereomeric ester may be a chiral acyl group such as 
mandeloyl, and the asymmetric center in the chiral acyl group can have either R or 
S configuration. 

The diastereomeric esters can be separated either by chromatography or fractional 
crystallization. 



The solvolysis usually takes place together with a base in a protic solvent such as 
alcohols or water; or with a base in a mixture of acetonitrile and water, but the acyl 
group may also be hydrolysed off by a base in an aprotic solvent such as 
dimethylsulfoxide or dimethylformamide. The reacting base may be OH' or RlO~ 
15 where can be any alkyl or aryl group. 

To obtain the optically pure Na + salts of the invention, i.e. Na + salts of the single 
enantiomeric compound of the invention, the resulting compound in neutral form 
is treated with a base, such as NaOH, in an aqueous or nonaqueous medium, or 

20 with NaOR 2 wherein R 2 is an alkyl group containing 1-4 carbon atoms, or with 

NaNH2- Also alkaline salts wherein the cation is Li+ or K + may be prepared using 
lithium or potassium salts of the above mentioned bases. In order to obtain the 
crystalline form of the single enantiomers of the Na + salts, to the optically pure 
Na + salts as a syrup are added a mixture of 2-butanone and toluene, but the 

25 crystalline form of the single enantiomers of the Na + salt may also be prepared by 
adding NaOH to a mixture of the single enantiomeric compound of invention and 
a non-aqueous medium, such as a mixture of 2-butanone and toluene. 

To obtain the optically pure Mg 2 + salts of the invention, optically pure Na + salts 
30 are treated with an aqueous solution of an inorganic magnesium salt such as 

MgCl2, whereupon the Mg 2+ salts are precipitated. The optically pure Mg 2+ salts 
may also be prepared by treating single enantiomeric compound of the invention 
with a base, such as Mg(OR 3 )2, wherein R^ is an alkyl group containing 1-4 carbon 
atoms, in a non-aqueous solvent such as alcohol (only for alcoholates), e.g. ROH, 
35 or in an ether such as tetrahydrofuran. In an analogous way, also alkaline salts 
wherein the cation is Ca 2+ can be prepared, using an aqueous solution of an 
inorganic calcium salt such as CaCl2. 
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Alkaline salts of the single enantiomers of the invention are, as mentioned above, 
beside the sodium salts (compounds Ha and lib) and the magnesium salts 
(compound EQa and Dlb), exemplified by their salts with Li+, K+ , Ca 2+ and 
N+(R)4, where R is an alkyl group with 1-4 C-atoms. 

5 

For clinical use the single enantiomers, i.e. the optically pure compounds, of the 
invention are formulated into pharmaceutical formulations for oral, rectal, 
parenteral or other modes of administrations. The pharmaceutical formulations 
contain the single enantiomers of the invention normally in combination with a 

10 pharmaceutical^ acceptable carrier. The carrier may be in form of a solid, semi- 
solid or liquid diluent, or capsule. These pharmaceutical preparations are a further 
object of the invention. Usually the amount of active compound is between 0.1- 
95% by weight of the preparation, between 0.2-20% by weight in preparations for 
parenteral use and between 1-50% by weight in preparations for oral 

15 administration. An active compound in a form with high solubility in water is 
requested for parenteral preparations, for some oral preparations an active 
compound in a form with low solubility is suitable. 

In the preparation of pharmaceutical formulations in form of dosage units for oral 
20 administration the single enantiomeric compound may be mixed with a solid, 
powdered carrier, such as lactose, saccharose, sorbitol, mannitol, starch, 
amylopectin, cellulose derivates, gelatin or another suitable carrier, stabilizing 
substances such as alkaline compounds e.g. carbonates, hydroxides and oxides of 
sodium, potassium, calcium, magnesium and the like as well as with lubricating 
25 agents such as magnesium stearate, calcium stearate, sodium stearyl fumarate and 
polyethylenglycol waxes. The mixture is then processed into granules or pressed 
into tablets. Granules and tablets may be coated with an enteric coating which 
protects the active compound from acid catalysed degradation as long as the 
dosage form remains in the stomach. The enteric coating is chosen among 
30 pharmaceutically acceptable enteric-coating materials e.g. beeswax, shellac or 
anionic film-forming polymers and the like, if preferred in combination with a 
suitable plasticizer. To the coating various dyes may be added in order to 
distinguish among tablets or granules with different amounts of the active 
compound present. 

35 Soft gelatine capsules may be prepared with capsules containing a mixture of the 
active compound, vegetable oil, fat, or other suitable vehicle for soft gelatine 
capsules. Soft gelatine capsules may also be enteric-coated as described above. 
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Hard gelatine capsules may contain granules or enteric-coated granules of the 
active compound. Hard gelatine capsules may also contain the active compound 
in combination with a solid powdered carrier such as lactose, saccharose, sorbitol, 
5 mannitol, potato starch, amylopectin, cellulose derivates or gelatin. The capsules 
may be enteric-coated as described above. 

Dosage units for rectal administration may be prepared in the form of 
suppositories which contain the active substance mixed with a neutral fat base, or 

10 they may be prepared in the form of a gelatine rectal capsule which contains the 
active substance in a mixture with a vegetable oil, paraffin oil or other suitable 
vehicle for gelatine rectal capsules, or they may be prepared in the form of a 
ready-made micro enema, or they may be prepared in the form of a dry micro 
enema formulation to be reconstituted in a suitable solvent just prior to 

15 administration. 

Liquid preparation for oral administration may be prepared in the form of syrups 
or suspensions, e.g. solutions or suspensions containing from 0.2% to 20% by 
weight of the active ingredient and the remainder consisting of sugar or sugar 

20 alcohols and a mixture of ethanol, water, glycerol, propylene glycol and /or 

polyethylene glycol. If desired, such liquid preparations may contain colouring 
agents, flavouring agents, saccharine and carboxymethyl cellulose or other 
thickening agents. Liquid preparations for oral administration may also be 
prepared in the form of dry powder to be reconstituted with a suitable solvent 

25 prior to use. 

Solutions for parenteral administrations may be prepared as solutions of the single 
enantiomeric compounds of the invention in pharmaceutical^ acceptable solvents, 
preferably in a concentration from 0.1 to 10% by weight. These soultions may also 
30 contain stabilizing agents and/or buffering agents and may be manufactured in 
different unit dose ampoules or vials. Solutions for parenteral administration may 
also be prepared as dry preparations to be reconsituted with a suitable solvent 
extemporaneously before use. 

35 The typical daily dose of the active compound will depend on various factors such 
as for example the individual requirement of each patient, the route of 
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administration and the disease. In general, oral and parenteral dosages will be in 
the range of 5 to 500 mg per day of active substance. 

The invention is illustrated by the following examples. 

5 

Example 1. Preparation of (■fV5"Carbomethoxy-6'methyl-2-[[(3.4-dimethoxy-2- 
pyridinynmethyl]sulfinyl]- lH "benzimidazole 

10 The crude product of the diastereomers of a mixture of two regioisomeric 
mandelic esters, namely 5-carbomethoxy-6-methyl-2~[[(3,4-dimethoxy-2- 
pyridmyl)methyl]-(R/S)-sulfm^ 

and 6-carbomethoxy-5-methyl-2-[[(3,4-dimethoxy-2-pyridinyl)methyl]-(R/S)- 
sulfinyl]-l-[(R)-mandeloyloxymethyl]-lH-benzimidazole (1.8 g, 3.3 mmol) was 

15 divided into three parts. Each part was chromatographed on a reversed phase 
column (HPLC, Kromasil C8) in order to separate the diastereomers. The 
stereoisomers were easily separated by elution with a mixture of aqueous 0.1 M 
ammonium acetate and acetonitrile (70/30), but each separated diastereomer 
consisted of a mixture of the two regioisomers. These intermediates were used 

20 directly in their solutions during the hydrolyses; To the acetonitrile /aqueous 

solutions of the more lipophilic diastereomer were added 1 M aqueous solutions 
of NaOH until the pH was around 12-13. After 5 minutes the solutions were 
neutralized with 3.0 M aqueous solutions of NH4CL The solutions from each 
preparation were combined and extracted with methylenechloride whereupon the 

25 organic phases were dried over Na2S04. Removal of the solvents and flash 

chromatography of the residue (silica gel, methanol-methylenechloride gradient 1- 
8%) yielded 250 mg of a yellow oil. The product was crystallised by adding 
acetonitrile (3 ml) and after filtration there was obtained 210 mg (32%) of the title 
compound as white crystals m.p. 171-173° C. [a] 20 d= +153.1° (c=0.5%, 

30 chloroform). 



NMR data are given below. 
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Example 2. Preparation of (-V5-carbomethoxy-6-methyl-2-[[(3,4-dimethoxy-2- 
pyridinynmethyl]sulfinyl]- lH -ben2;imidazole 

To the acetonitrile /aqueous solutions of the less lipophilic diastereomer of 5- 
5 carbomethoxy-6-methyl-2-[[(3,4-di^ 

[(R)-mandeloyloxymethyl]-lH-benzimidazole and 6-carbomethoxy-5-methyl-2- 
[[(3,4-dimethoxy-2-pyridinyl)methy 

IH-benzimidazole (obtained from the very same reversed phase chromatographic 
preparations described in Example 1) were added 1.0 M NaOH until the pH was 

10 around 12-13. After 5 minutes the solutions were neutralized with 3.0 M aqueous 
solutions of NH4CL The solutions from each preparation were combined and 
extracted with methylenechloride whereupon the organic phases were dried over 
Na2S04. Removal of the solvents and flash chromatography of the residue (silica 
gel, methanol-methylenechloride gradient 1-8%) yielded 270 mg of a yellow oil. 

15 The product was crystallized by adding acetonitrile (3 ml) and after filtration there 
was obtained 210 mg (32%) of the title compound as white crystals m.p. 173-174° 
C. [a] 2 0o= -150.0° (c=0.5%, chloroform). 

NMR data are given below. 

20 

Example 3. Preparation of (+V5-carbomethoxy-6-methyl-2-f[(34-dimethoxy-2- 
pyridinynmethyllsulfinyll-lH-benzimidazole sodium salt 

To a mixture of (+)-5-carbomethoxy-6-methyl-2-[[(3,4-dimethoxy-2-pyridinyl)- 
25 methyl]sulfinyl]-l-H-benzimidazole (200 mg, 0.51 mmol) and ethanol (10 ml) was 
added an aqueous solution of 2.0 M NaOH (0.26 ml, 0.51 mmol). The solvent was 
removed by film evaporation whereupon the residue was dissolved in 2-butanone 
(1 ml). Toluene (5 ml) was added drop wise while stirring. The formed precipitate 
was removed by centrifugation and washed with diethyl ether. There was 
30 obtained 170 mg (81%) of the title compound as white crystals m. p. (decomp.) 
170°-173°C [a]20o= +93.6°(c=l%, methanol). 



NMR data are given below 
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Example 4. Preparation of (-V5-carbome ti\oxy-6-methyl-2-f [(3,4-dimethoxy-2- 
pyridinynmethyl]sulfinyl1- lH- ben2irnidazole sodium salt 

To a mixture of (-)-5-carbomethoxy-6-methyl-2-[[(3 / 4-dimethoxy-2-pyridinyl)- 
5 methyl]sulfinyl]-l-H-benzimidazole (200 mg, 0.51 mmol) and ethanol (10 ml) was 
added an aqueous solution of 2.0 M NaOH (0.26 ml, 0.51 mmol). The solvent was 
removed by film evaporation whereupon the residue was dissolved in 2-butanone 
(2 ml). Toluene (5 ml) was added dropwise while stirring. The formed precipitate 
was isolated by filtration and washed with diethyl ether. There was obtained 200 
10 mg (96%) of the title compound as white crystals m. p. (decomp.) 172°-175°C 
[a]20 D= _93.8° (0=1%, methanol). 

NMR data are given below 

15 Example 5. Preparation of ( f +V5-carbomethoxy-6-methyl-2'f [(3,4-dimethoxy-2- 
pyridinynmethyl]sulfinyl1- lH- benzimidazole magnesium salt 

(+)-5^arbomethoxy-6-methyl-2-[[(3,4-dim 

H-benzimidazole sodium salt (100 mg, 0.24 mmol) obtained as in Example 3 was 
20 dissolved in water (2 ml) and MgCl2x6H20 (25 mg, 0.12 mmol) dissolved in water 
(1 ml) was added dropwise. The formed precipitate was isolated by centrifugation 
and washed with water. The product was dried in a desiccator and there was 
obtained 84 mg (87%) of a white powder. [a] 2 0o= + 170° (c=0.5%, DMSO). 

25 Example 6. Preparation of (-V5-carbomethoxy-6-methyl'2-[[f3,4-dimethoxy-2- 
pyridinyDmethyl]sulfinyiy iH' benzimidazole magnesium salt 

(-)-5-carbomethoxy-6-methyl-2-[ ^ 

benzimidazole sodium salt (100 mg, 0.24 mmol) obtained as in Example 4 was 
30 dissolved in water (2 ml) and MgCl2x6H20 (25 mg, 0.12 mmol) dissolved in water 
(1 ml) was added dropwise. The formed precipitate was isolated by centrifugation 
and washed with water. The product was dried in a desiccator and there was 
obtained 84 mg (87%) of a white powder. [a] 2 0j}= -178.8° (c=0.5%, DMSO). 
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Table 1, 

Ex. Solvent NMR data d ppm 

5 1. DMSOd6 2.62 (s, 3H), 3.75 (s, 3H), 3.84 (s, 3H), 3.88 (s, 3H), 

300 MHz 4.68 (s, 2H), 7.09 (d, 1H), 7.53 (s, 1H), 8.11 (s, 1H), 

8.12 (d, 1H), 13.75 (b, 1H). 

2. DMSOd6 2.62 (s, 3H), 3.75 (s, 3H), 3.84 (s, 3H), 3.88 (s, 3H), 
10 300 MHz 4.68 (s, 2H), 7.09 (d, 1H), 7.53 (s, 1H), 8.11 (s, 1H), 

8.12 (d, 1H), 13.75 (b, 1H). 

3. DMSO-d6 2.58 (s, 3H), 3.77 (s, 3H), 3.79 (s, 3H), 3.89 (s, 3H), 
300 MHz 4.36 (d, 1H), 4.74 (d, 1H), 7.07 (d, 1H), 7.31 (s, 1H), 

15 8.10 (s, 1H), 8.21 (d, 1H). 

4. DMSO-d6 2.58 (s, 3H), 3.77 (s, 3H), 3.79 (s, 3H), 3.89 (s, 3H), 
300 MHz. 4.34 (d, 1H), 4.74 (d, 1H), 7.07 (d, 1H) ; 7.29 (s, 1H) 7 

8.11 (s, 1H), 8.22 (d, 1H). 

20 

Preparation of the synthetic intermediates according to the invention will be 
described in the following example. 

25 Example 7. Preparation of 5-carbomethoxy-6-methyl-2-[[(3.4-dimethoxy-2" 
pyridmyl^methylHR/SVsulfmyll^^ 
and 6-carbomethoxy-5-methyl-2-[[(3,^ 
sulfinyl]-l-[(RVmandeloyloxymethylV lH -benzimidazole 

30 A solution of 0.33 g (8.2 mmol) sodium hydroxide in 1.6 ml water was added to a 
mixture of 1.4 g (4.1 mmol) tetrabutylammonium hydrogen sulfate and 0.62 g (4.1 
mmol) of (R)-(-)-mandelic acid. Chloroform (50 ml) and a mixture of 5- 
carbomethoxy-6-methyl-2-[[(3^ 

(chloromethyl)-lH-benzimidazole and 6-carbomethoxy-5-methyl-2-[[(3,4- 
35 dimethoxy-2-pyridmyl)methyy (as 
racemates) were added and the mixture was refluxed for 3 hours. The reaction 
mixture was chilled and then partitioned between ethyl acetate and water. The 
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10 



20 



layers were separated and the organic phase was washed with water and dried 
over Na2SC>4. Removal of solvents yielded a diastereomeric mixture of the two 
regioisomeric mandelic esters. The crude product was used directly in the 
chromatographic step where the diastereomers were separated (Example 1 and 2). 
Yield: 2.4 g, 62%. 

NMR data are given below. 

Table 2. 

Ex, 1 Solvent NMR data d ppm 



7. CDCI3 2.6-2.8 (m, 3H), 3.8-4.1 (m, 9H), 4.75-4.95 (m, 1H), 

500 MHz 5.00-5.15 (m, 1H), 5.3-5.4 (m, 1H), 6.45-6.70 (m, 

15 2H), 6.70-6.80 (m, 1H), 7.1-8.4 (m, 8H). 

The best mode of carrying out the invention known at present is to use the 
magnesium salts of the optically pure compounds of the invention, thus the 
compounds described in Examples 5 and 6. 



Pharmaceutical preparations containing the compounds of the invention as active 
ingredient are illustrated in the following formulations. 



25 Syrup 

A syrup containing 1% (weight per volume) of active substance was prepared 
from the following ingredients: 



30 Compound according to Example 1 1.0 g 

Sugar, powder 30.0 g 

Saccharine 0.6 g 

Glycerol 5.0 g 

Flavouring agent 0.05 g 

35 Ethanol 96% 5.0 g 

Distilled water q.s. to a final volume of 100 ml 



WO 95/32959 



15 



PCT/SE95/00519 



Sugar and saccharine were dissolved in 60 g of warm water. After cooling the 
active compound was added to the sugar solution and glycerol and a solution of 
flavouring agents dissolved in ethanol were added. The mixture was diluted with 
water to a final volume of 100 ml. 

5 

Enteric-coated tablets 

An enteric coated tablet containing 50 mg of active compound was prepared from 
10 the following ingredients: 



I Compound according to Example 2 500 g 

Lactose 700 g 

Methyl cellulose 6 g 

15 Polyvinylpyrrolidone cross-linked 50 g 

Magnesium stearate 15 g 

Sodium carbonate 6 g 

Distilled water q.s. 

20 II Cellulose acetate phthalate 200 g 

Cetyl alcohol 15 g 

Isopropanol 2000 g 

Methylene chloride 2000 g 



25 I Compound according to Example 2, powder, was mixed with lactose and 
granulated with a water solution of methyl cellulose and sodium carbonate. The 
wet mass was forced through a sieve and the granulate dried in an oven. After 
drying the granulate was mixed with polyvinylpyrrolidone and magnesium 
stearate. The dry mixture was pressed into tablet cores (10 000 tablets), each tablet 

30 containing 50 mg of active substance, in a tabletting machine using 7 mm diameter 
punches. 

II A solution of cellulose acetate phthalate and cetyl alcolhol in 
isopropanol/methylene chloride was sprayed onto the tablets I in an Accela 
35 Cota R , Manesty coating equipment. A final tablet weight of 110 mg was obtained. 
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Solution for intravenous a dministration 

A parenteral formulation for intravenous use, containing 4 mg of active 
compound per ml, was prepared from the following ingredients: 

5 

Compound according to Example 3 4 g 

Sterile water to a final volume of 1000 ml 

The active compound was dissolved in water to a final volume of 1000 ml. The 
10 solution was filtered through a 0.22 jim filter and immediately dispensed into 10 
ml sterile ampoules. The ampoules were sealed. 



Capsules 

15 

Capsules containing 30 mg of active compound were prepared from the following 
ingredients: 

Compound according to Example 6 300 g 

20 Lactose 700 g 

Macrocrystalline cellulose 40 g 

Hydroxypropyl cellulose low-substituted 62 g 

Disodium hydrogen phosphate 2 g 

Purified water q.s. 

25 

The active compound was mixed with the dry ingredients and granulated with a 
solution of disodium hydrogen phosphate. The wet mass was forced through an 
extruder and spheronized and dried in a fluidized bed dryer. 

30 500 g of the pellets above were first coated with a solution of hydroxypropyl 

methylcellulose, 30 g, in water, 750 g, using a fluidized bed coater. After drying, 
the pellets were coated with a second coating as given below: 
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Coating solution: 



Hydroxypropyl methylcellulose phthalate 70 g 

Cetyl alcohol 4 g 

5 Acetone 200 g 

Ethanol 600 g 



The final coated pellets were filled into capsules. 

10 

Suppositories 

Suppositories were prepared from the following ingredients using a welding 
procedure. Each suppository contained 40 mg of active compound. 

15 

Compound according to Example 2 4 g 

Witepsol H-15 180 g 

The active compound was homogenously mixed with Witepsol H-15 at a 
20 temperature of 41° C. The molten mass was volume filled into pre-fabricated 

suppository packages to a net weight of 1.84 g. After cooling the packages were 
heat sealed. Each suppository contained 40 mg of active compound. 



25 Stability towards racemization at different pH:es 

The stability of the optically pure compounds of the invention towards 
racemization has been measured at low concentrations (10~$ M) at 37°C in aqueous 
buffer solutions at pH 7 and pH 11. The stereo chemical stability was measured by 

30 comparing the optical purity for the (-)-enantiomer of 5-carbomethoxy-6-methyl-2- 
[[(3,4-dimethoxy-2-pyridmyl)mefo^ in buffer 

solution immediately after dissolving and after several hours. The surprising high 
stereo chemical stability in neutral conditions as well as in alkaline conditions for 
the compounds of invention is exemplified by the fact that no racemization for the 

35 test compound was obtained neither at pH 7 nor at pH 11, even after 24 hours. At 
pH 7, however, the chemical degradation of the compound is much apparent after 
28 hours. 



WO 95/32959 
Claims 

1. Single enantiomeric compounds 



PCT/SE95/00519 



18 



having the formula la and lb 




OCH 3 

-L/OCH 3 



N CH 2 — S — <( 
H 




COOCH3 



(la, lb) 



CH 3 



5 



la (+)-enantiomer 
lb (-)-enantiomer 



10 and the therapeutically acceptable salts thereof. 

2. Compounds according to claim lcharacterized in that the compound is 
(+)-5-carbomethoxy-6-methyl-2-[[(3,4-dimet^ 

H-benzimidazole or a therapeutically acceptable salt thereof, substantially free of 
15 its (-)-enantiomer. 

3. Compounds according to to claim lcharacterized in that the 
compound is (-)-5-carbomethoxy-6-methyl-2-[[(3,4-dimethoxy-2- 
pyridinyl)meihyl]sulfinyl]-l-H-benzimidazole, or a therapeutically acceptable salt 

20 thereof, substantially free of its (+)-enantiomer. 

4. Compounds according to any of claims 1-3 characterized in that the 
therapeutically acceptable salts are Na + , Mg2+, Ca2+, Li + , K+ and N + (R)4 salts 
wherein R is an alkyl group with 1-4 carbon atoms. 



5, Compounds according to any of claims 1-4 characterized in that the 
compounds are (+)-5-carbomethoxy-6-methyl-2-[[(3,4-dimethoxy-2- 
pyxidinyl)methyl]sulfinyl]-l-H-benzimidazole sodium salt, (-)-5-carbomethoxy-6- 
methyl-2-[[(3,4-dimethoxy-2-pyri 
30 sodium salt, (+)-5-carbomethoxy-6-methyl-2-[[(3,4-dimethoxy-2- 

pyridinyl)methyl]stdfinyl]-l-H-benzimidazole magnesium salt and (-)-5- 



25 
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carbomethoxy-6-methyl-2-[[(3,4-dimetho 
benzimidazole magnesium salt. 

6. Compounds according to any of claims 1-3 characterized in that the 
5 compounds are (+)-5-carbomethoxy-6-methyl-2-[[(3 / 4-dimethoxy-2- 

pyridinyl)methyl]sulfinyl]-l-H-benzimidazole or its magnesium salt and (-)-5- 
carbomethoxy-6-methyl-2-[[(3,4-dimethoxy-2-pyridinyl)methyl]sulfinyl]-l-H- 
benzimidazole or its magnesium salt, in their crystalline forms. 

10 7. Compounds according to claims 1 and 2 characterized in that the 
compound is (+)-5-carbomethoxy-6-methyl-2-[[(3,4-dimethoxy-2~ 
pyridinyl)methyl]sulfinyl]-l-H-benzimidazole or the magnesium salt thereof, 
respectively, in its crystalline form substantially free of its (-)-enantiomer. 

15 8. Compounds according to claims 1 and 3 characterized in that the 
compound is (-)-5-carbomethoxy-6-methyl-2-[[(3,4-dimethoxy-2- 
pyridinyl)methyl]sulfinyl]-l-H-benzimidazole or the magnesium salt thereof, 
respectively, in its crystalline form substantially free of its (+)-enantiomer. 

20 9. Process for the preparation of a compound according to claim 1 
characterized in that a diastereomeric ester of formula V 




CH 2 — OAcyl 



25 wherein the carbomethoxy and methyl substituents in the benzimidazole moiety 
are in the 5 or 6 position, respectively, and wherein Acyl designates a chiral acyl 
group such as mandeloyl, having either R or S configuration, is separated, and 
each of the separated diastereomers is subjected to solvolysis with an alkaline 
solution where the acyloxymethyl group is hydrolyzed off to give the 

30 enantiomeric compound in neutral form after neutralization with a neutralizing 
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agent whereupon the enantiomeric compound in neutral form optionally is 
converted into a therapeutically acceptable salt. 

10. Process according to claim 9 characterized in that the diastereomers 
5 are separated by chromatography or fractional crystallization. 

11. Process according to claim 9 characterized in that the solvolysis is 
performed in an alkaline solution consisting of a base in a protic solvent, such as 
alcohols or water; or a base in an aprotic solvent, such as dimethylsulfoxide or 

10 dimethylformamide; or a base in a mixture of protic and aprotic solvents, such as 
water and acetonitrile. 

12. Process for the preparation of a compound according to any of claims 1-4 in 
crystalline form characterized in that a product obtained in claim 9 either 

15 neutral form or in the form of a therapeutically salt is treated with a non-aqueous 
solvent to precipitate the product. 

13. Process for preparation of (+)-5-carbomethoxy-6-methyl-2-[[(3,4-dimethoxy-2- 
pyridinyl)methyl]sulfinyl]-l-H-benzimidazole or its sodium salt and (-)-5- 

20 carbomethoxy-6-methyl-2~[[(3,4-dim 

benzimidazole or its sodium salt in their crystalline forms characterized in 
that (+)-5-carbomethoxy-6-methyl-2-[[(3,4-dimethoxy-2- 
pyridinyl)methyl]sulfinyl]-l-H-benzimidazole or its sodium salt and (-)-5- 
carbomethoxy-6-methyl-2-[[(3,4-dimethoxy-2-pyridinyl)methyl]sulfm 

25 benzimidazole or its sodium salt crude product, respectively is treated with a 
non-aqueous medium, such as 2-butanone and toluene. 

14. Pharmaceutical preparation comprising single enantiomeric compound 
according to any of claims 1-8 as active ingredient. 

30 

15. Single enantiomeric compounds according to any of claims 1-8 for use in 
therapy. 

16. Use of a single enantiomeric compound according to any of claims 1-8 in the 
35 manufacture of a pharmaceutical formulation for inhibiting gastric acid secretion. 
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17. Use of a single enantiomeric compound according to any of claims 1-8 for the 
manufacture of a pharmaceutical formulation for the treatment of gastrointestinal, 
inflammatory diseases. 

5 18. A method for inhibiting gastric acid secretion comprising administration to a 
mammal including man in need of such treatment an effective amount of an 
enantiomeric compound according to any of claims 1-8. 

19. A method for the treatment of gastrointestinal inflammatory diseases 

10 comprising administration to a mammal including man in need of such treatment 
an effective amount of an enantiomeric compound according to any of claims 1-8. 

20. The compounds 5-carbomethoxy-6-methyl-2-[[(3,4-dimethoxy-2- 
pyridinyl)methyl]sulfmyl]-[mandeloyloxymethyl]-lH-benzimidazole and 6- 

15 carbomethoxy-6-methyl-2-[[(3 / 4-dimethoxy-2-pyridinyl)methyl]sulfinyl]- 
[mandeloyloxymethyl]-lH-benzimidazole. 
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A NOVEL DRUG DELIVERY SYSTEM 



The present Invention relates to a unit dosage drug 
delivery system in the form of a soft capsule of different 
size, shape and colour, consisting of an external capsule 
housing having two or more coupled layers, sheaths or 
films, made from different materials, and of a capsule 
filling having one or more pharmacologically active drug 
substances for oral, rectal or vaginal administration, 
which are admixed, dissolved, suspended or agglomerated 
in an hydrophobic support, consisting basically of the main 
suspending agent "silicone resin" and optionally of one or 
more physiologically acceptable auxiliary ingredients, 
alike surfactants, disaggregants, linear or ramified 
aliphatic C 2 -C 3 alcohols and their esters, retarding agents 
or other optional components, and to said pharmaceutical 
composition resulting thereof and to its method of 
preparation. 



BACKGROUND OF THE INVENTION 



Many attempts have been made in the past years to produce 
pharmaceutical forms, including some type of gelatin 
capsules and gelloids of gelatin, aiming to incorporate 
drug substances in the capsule filling, but the protection 
of the active ingredient has not been satisfactorily solved 
in case the used drug substance is degradable or unstable 
in presence of moisture, oxidizing agents or gastric (acid) 
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fluid. Different types of gelatin capsules (hard or soft) 
have been studied by many authors, aiming to mainly 
protect the active ingredient against the atmosphere, but 
the results were partially satisfactory. A comprehensive 
review of different types of soft gelatin capsules has been 
reported by J. P. Stanley, Part II - Soft Gelatin Capsules of 
"The Theory and Practice of Industrial Pharmacy", pages 
404-420, Edition Lea & Fabiger (Philadelphia), 1976 and by 
Casadio, "Tecnologia Farmaceutica", pages 705-707, 
Edition Cisalpino Gogliardica (Milan), 1972. Other authors 
have described conventional gelatin capsules in various 
patents as for example: US Patent, number 4,816,259; US 
Patent, number 3,656,997; US Patent, number 4,690,823; 
US Patent, number 5,173,304; US Patent, number 
3,959,540; US Patent, number 3,432,594. 
Described capsule housing conventionally possesses an 
external shell of which the basic ingredient is gelatin, and 
in general such capsule may be presented as either hard or 
soft gelatin capsule, the latter one containing suitable 
plasticizers. The shell of the conventional gelatin capsules 
consists of an unique external layer, having uniform 
composition and thickness, surrounding a capsule filling, 
which contains the pharmaceutical active drug substance 
admixed with suitable excipients. Few cases of an external 
film-coating layer have been also described. The unique 
external layer of the capsule shell of a conventional soft 
gelatin capsule contains basically gelatin, but also 
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appreciable quantities of water as ingredient. However the 
presence of a certain amount of water in the conventional 
soft gelatin capsule housing constitutes a considerable 
seeking to formulate drugs or their salts, which are 
soluble in water or degradable in presence of moisture, or 
from the simple contact with water. In fact, by using the 
current ingredients and the known production techniques 
for conventional soft gelatin capsules, it is almost 
impossible to avoid the contact of the active drug 
substance, contained in the capsule filling, with the 
moisture of the gelatin mass of the external shell layer, 
either during the production steps or during the storage 
period of the finished capsule, until used for its intended 
purpose. Moreover, since the shell of the current soft 
gelatin capsules is containing, in addition to water, also 
large quantities of plasticizers (glycerol or sugars), 
conventional additives, including plasticizers, colouring 
agents, opacifiers and preserving agents, it is also 
difficult to satisfactorily prevent or to control possible 
chemical incompatibilities between the active drug 
substance incorporated in the filling and the ingredients of 
the capsule housing. Said ingredients may also enhance 
oxidation, degradation or hydrolysis processes, causing 
partial or sometime considerable loss of activity of the 
formulated active drug substance. 

Accordingly, a main objective of the present invention is 
to provide an improved unit dosage drug delivery system in 
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the form of a soft capsule, showing superior protection to 
the active drug substance from moisture, oxidizing agents, 
possible chemical interactions with other auxiliary or 
optional ingredients of the capsule housing, its method of 
preparation and the resulting pharmaceutical compositions 
of this invention. 

SUMMARY OF THE INVENTION 

It has now been surprisingly discovered that a unit dosage 
drug delivery system, having an external capsule housing 
made from at least two or more coupled layers, sheaths or 
films, from different materials, and a capsule filling made 
from "silicone resin", provides a substantially improved 
soft capsule system to incorporate many pharmaceutical^ 
active drug substances presenting formulation or stability 
problems. 

It has further been discovered that such unit dosage drug 
delivery system : (a) offers to the pharmaceutical active 
drug substance, incorporated in the capsule filling, an 
improved protection from atmosphere, oxidation, 
moisture-induced hydrolytic or degradation processes, (b) 
permits a capsule filling moisture content less than 1 %, 
(c) minimizes the diffusion of residual water from the 
external gelatin capsule housing to the capsule filling or 
of the water-soluble active drug substances to the outer 
housing system, (d) covers unpleasant tastes or odours, (e) 
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controls or improves efficiently the site of action of the 
drug, (f) prolongs, when necessary, the release of the 
active drug substance from the capsule filling and (g) 
suitably avoids chemical incompatibilities between the 
active drug substance and the other auxiliary or optional 
ingredients. 

Moreover it has further been observed that the unit dosage 
drug delivery system of this invention allows to 
conveniently formulate and deliver some delicate or 
unstable pharmaceutical drug substances, enhances the 
protective conditions of the relevant compositions thereof 
and prolongs also the period of stability of the formulated 
active drug substance. 

TABLE 1 - Conventional soft capsule compared with the 
unit dosage drug delivery system of this invention. 
-Omeprazole : oxidation process during the storage 
(storage conditions : 6 month at 30° C, Relative Humidity 
75 % into an open container). 

Product Colour change of the 

contained Omeprazole 
Beginning After 24 weeks 

Conventional soft gelatin white violet-brownish 

capsule (an unique layer 
capsule housing + Labrafils 
as suspending agent of the 
active drug substance) 
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Unit dosage drug delivery 



white 



white 



system (multiple layers 
capsule housing + silicone 
resin as suspending agent of 
the active drug substance + 
sodium laurylsarcosinate. 2 
round) 



TABLE 2 - Conventional soft capsule compared with the 
unit dosage drug delivery system of this invention 
containing the same active drug substance 
-Percentage of humidity after the production process. 

Product % of humidity of the 



capsule filling 



Before 



After 



capsulation process stabilization 



Conventional soft gelatin 



0.23 % 



3.80 % 



capsule (an unique layer 



capsule housing + Gelucires 



as suspending agent of the active 



drug substance) 



Unit dosage drug delivery 
system (multiple layers capsule 



0.08 % 



0.11 % 
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housing + silicone resin as 
suspending agent of the active 
drug substance. 2 oval) 

Unit dosage drug delivery 0.07 % 0.12 % 

system (multiple layers capsule 
housing + silicone resin as 
suspending agent of the active 
drug substance. 20 oblong) 



In the conventional soft gelatin capsules, the humidity 
percentage, during the capsulation process and at the end 
of the stabilization process, is increased of 16.5 times, 
because of the water migration from the unique layer of 
the capsule housing to the capsule filling. This process 
results not important in the case of the unit dosage drug 
delivery system of this invention (1.3 times). 

DETAILED DESCRIPTION OF THE INVENTION 

The unit dosage drug delivery system, according to the 
instant invention, is a soft capsule having the shell 
housing consisting of at least two or more coupled layers, 
sheaths or films from different materials, the outer layer 
or sheath with hydrophilic character and the inner sheaths 
or films with hydrophobic character, and a capsule filling 
with a remarkable hydrophobic properties. 
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The first outer layer of the capsule housing (hydrophilic 
layer) is produced by admixing 45 % - 55 % gelatin, 15 % - 
30 % glycerin or alternatively 15 % - 30 % modified 
sorbitol solution at 45 % or their mixture and 35 % - 40 % 
water into a wet mass, which is thereafter processed into 
a gelatin ribbon (layer or sheath) of the desired width and 
thickness (preferably between 0.50 and 1 mm at the wet 
state) and, after a conventional drying and stabilization 
process, is containing 60 % - 70 % gelatin, 20 % - 25 % 
glycerin or modified sorbitol solution or their mixture 
thereof and 8 % - 10 % water. During the production steps 
of the wet gelatin mass for the preparation of the first 
outer layer (hydrophilic layer), conventional additives, 
plasticizers, colouring agents, opacifiers, preserving 
agents, antioxidants may be optionally added to the molten 
mass admixture, without causing any detrimental effect to 
the resulting gelatin hydrophilic layer. The gelatin mass of 
the first outer layer is prepared with conventional 
methods, in a manner that produces a smooth completely 
dispersed and uniform gelatin molten suspension. The 
gelatin required for this dispersion should be preferably 
between 130 and 250 Bloom grams, alkali based skin or 
bone type, approved for food or pharmaceutical use. Also 
the other ingredients shall be of pharmaceutical or 
alimentary use quality, as it may be required by the 
regulatory authorities. The molten gelatin mass for the 
preparation of the first outer hydrophilic layer is cooled 
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and passed on a suitable standard equipment, in order to 
conveniently prepare a ribbon of gelatin mixture, having 
the desired width and thickness. In another referred 
embodiment of this invention, the first outer hydrophilic 
layer of the capsule housing contains, instead of gelatin, 
other suitable compounds, alike polyphenyl compounds 
recently described in literature (Eisai, Korean patent appl. 
90-10411 of July 10, 1990), which may substitute gelatin 
for the manufacturing of conventional soft capsules. The 
production process is closely comparable to that used for 
the outer hydrophilic gelatin layer, as previously 
described. The first outer hydrophilic layer of this 
embodiment is present in the capsule housing in an amount 
of from 83.33 % to 99.96 % by weight, preferably between 
90 % and 98 %. 

The second inner hydrophobic film or sheath of the capsule 
housing of this invention consists of silicone, of silicone 
mixture or of other pharmaceutical^ acceptable silicone 
polymers of low-medium or medium-high density (silicone 
hydrophobic film or sheath), or preferably of silicone resin 
(silicone resin hydrophobic film or sheath), having a 
suitable intrinsic viscosity varying from 10 to 200,000 
cSt (mm 2xS - 1 ). 

Silicones are well known polymers widely described in 
literature. There are different types of polysiloxanes, 
which are differentiated from the nominal viscosity, 
represented by an indication following the name of the 
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substance. More conveniently one group of low-medium 
density silicones, used in the pharmaceutical and 
alimentary fields, are dimethyl polysiloxanes (also defined 
simethicone or dimethicone), which may be also 
conveniently used for the preparation of the second inner 
sheath or film of the capsule housing for its chemically 
inert and hydrophobic character. The most widely used 
dimethyl polysiloxanes (commonly defined in the European 
Pharmacopoeia, volume II, page 138 as "dimethiconum" or 
"dimethicone" and in the French Pharmacopoeia 9.th edition 
as "low and medium density silicone oils") are dimethyl 
polysiloxanes (polymers) of linear chain, having the 
following linear structural formula: 

CH 3 

O Si — CH3 

n CH3 

where the degree of polymerization may vary from n = 20 
to 400, while their nominal cinematic viscosity may vary 
from 10 mm 2xS - 1 to 1000 mm 2 * s-1 (f rom -\q c §t to 1000 
cSt). Moreover dimethicone is a product commonly 
available on the market on its different grades of density. 
Pharmaceutical grade dimethicone is used for the silicone 
inner layer of this invention. The thickness of the second 
hydrophobic inner film or sheath of the capsule housing, 
made from silicone, silicone mixture or silicone resin, 



CH 3 

H 3 C-Si - 
I 

CH 3 



CH 3 
-O— Si 
CH 3 



1 1 

shall be comprised between 0.1 and 100 microns, 
preferably between 50 and 80 microns. The selected 
silicone or silicone mixture shall preferably have a 
consistence of grease or paste at a temperature of about 
37° C. This second inner hydrophobic film or sheath is 
coupled with the internal face of the first outer 
hydrophilic layer or sheath, with the conventional methods 
disclosed in the production process. 

In addition to the above components (layers, sheaths or 
films), the capsule housing may optionally contain an inner 
additional third or multiple films or sheaths, made from 
medium-high density silicone polymers or waxes or from 
jaluronic acid polymers, coupled with the internal face of 
the said second silicon sheath or film. Another preferred 
embodiment consists that the additional inner third or 
multiple films or sheaths are made from silicone waxes, 
which are non-toxic silicone derivatives, suitable for the 
preparation of para-medical, and pharmaceutical waxes, 
known under the trade mark VP 1622 (available from 
Wacker-Chemie Co) or silicone elastomers RP 73, conform 
to Pharmacopee Francaise "Silicones-Elastomeres" 
(available from Rh6ne-Poulenc, Chemical Division, France). 
The thickness of the additional inner third or multiple 
films or sheaths of the capsule housing shall be comprised 
between 0.1 and 100 microns, preferably between 5 and 50 
microns. These additional inner hydrophobic films or 
sheaths from silicone waxes shall be conveniently covered 
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with pores, having a desired size (10-100 u.m) and 
distribution (from 2,500 to 25 pores/mm2), in order to 
achieve a retarded diffusion through the pores of the 
incorporated active ingredient. Another highly preferred 
embodiment of this invention is that the intrinsic 
viscosity value of silicone or silicone mixture of the 
second inner sheath or film of the capsule housing shall be 
lower than the intrinsic viscosity value of the silicone 
polymers or waxes of the optional inner third or multiple 
films or sheaths. More particularly embodiment of this 
invention is that silicone polymers or waxes and jaluronic 
acid polymers shall be have peremptorily a melting range 
of 39° C - 40° C. The sum of the second inner film or 
sheath and the optional inner third or multiple inner films 
or sheaths is further comprising of from 0.04 % to 16.67 %, 
preferably between 2 % and 10 % by weight of the entire 
capsule housing. 

In a preferred embodiment of this invention, the capsule 
filling comprises one or more pharmaceutical active drug 
substances admixed, dissolved, suspended or agglomerated 
in "Silicone Resin", described in the monograph "Silicone 
Resin" from Japanese "Food Additives", page D-524, which 
is conveniently reported hereby. 

SILICONE RESIN 

Description: Silicone Resin occurs as a white to light 
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gray, transparent and semitransparent viscous liquid or 
paste substance without odour. 

Identification: Determine the infrared absorption spectrum 
of Silicone Resin as directed in the liquid film method 
under the infrared spectrophotometry: it exhibits 
adsorbances at the wave number of about 2960 cm- 1 , 1260 
cm 1 , 1 124-1010 cm- 1 , and 800 cm- 1 . 

Purity: (1) After weight 15 g , put in Soxhlet's extractor. 

Extract 3 hours by 150 ml of Carbon Tetrachloride. 

Extraction liquid is evaporated on water bath and use it as 

test solution : n D 25 = 1.400 - 1.410. (2) Viscosity of 

Extracted Silicone oil: 100 - 1,100 cSt (25° C). (3) 

Specific Gravity: 0.96 - 1.02. (4) Silicon Dioxide (Si02): 

Remaining substance from the extraction should be under 

2.25 g after one hour drying at approximately 100°C (15%). 

A wide variety of pharmaceutical active drug substances 

may be incorporated into the capsule filling of this 

invention at different proportions, varying in the range of 

from 0.0001 % to 45 % by weight .These individual 

medicaments and drugs are from all major categories and 

therapeutic classes, without limitation for human and 

veterinary use, as for example oligopeptides, peptides, 

proteins, prostaglandins, cholesterol lowering agents, 

gastric antisecretories, antiacids, antiallergic agents, 

antiasthmatic agents, ACE inhibitors, diuretic agents, 

antineoplastic agents, antiviral nucleosides agents, 

antifungal agents, analgesics, non steroidal anti- 
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inflammatories, antitussives, decongestionants, narcotics, 
antibiotics, cardiovasculars, central nervous system 
drugs, organic and inorganic salts, liophylized yeasts and 
vitamins. The drug is preferably micronized to produce a 
uniform capsule filling. Micronization is carried out by 
conventional technique. 

The polypeptides, intended for use according to the present 
invention, is any peptide biologically useful in the cure, 
mitigation, treatment or prevention of diseases or in the 
enhancement of desirable physical or mental development 
and conditions in man or in animals. Polypeptides, 
especially proteins, for use in human and/or veterinary 
medicine are of particular interest for this invention due 
to their instability to the atmospheric agents, alike 
moisture and oxygen, which may cause their degradation 
and partial inactivation, which are therefore prevented 
from the unit dosage drug delivery system of this 
invention. 

The polypeptides intended for use in the methods and 
compositions of the invention include molecules to which 
non-peptide prosthetic groups, such as carbohydrates, 
hemes and fatty acids, have been attached. The 
polypeptides include molecules made by living organisms 
or cells, molecules made by synthetic organic chemistry 
and molecules which are synthetically modified biological 
products. They may have an amino acid sequence identical 
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to that of a natural substance or one altered by techniques 
such as site-directed mutagenesis. 

In addition to the covalent (primary) structure, the 
polypeptides may possess unique conformation (combina- 
tions of secondary, tertiary and quaternary structure), 
which affects their biological functions and physical 
properties. The considered polypeptides may have 
important biological functions. They may act as enzymes, 
enzyme inhibitors, antibodies, antigens, transporters 
(transporters of electrons, oxygen, metal ions, or small 
organic molecules), ionophores, antibiotics, mitogens, 
hormones, growth regulators, neurotransmitters, cell 
surface recognition proteins, cell chemotactic factors, and 
cytotoxins. They may also be receptors, agonists, 
antagonists of the following: ionophores, mitogens, 
hormones, neurotransmitters, growth regulators, cell 
surface recognition proteins, cell chemotactic factors and 
cytotoxins. 

Among the polypeptides contemplated by the present 
invention are therapeutically useful polypeptides such as 
anti-sera, anti-toxins and antigens and vaccines, including 
attenuated vaccines (such as those for cholera, influenza, 
meningitis, pneumonia, poliomyelitis, rabies, typhoid and 
staphyloccocus) and live vaccines (such as those for 
poliomyelitis, measles, rubella and mumps), growth 
factors, hormones and like bioactive peptides, as 
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illustrated by a -1 -antitrypsin, atrial natriuretic factor 
(diuretic), calcitonins, calmodulin, choriogonadotropin (a 
and p), colony stimulating factor, corticotropin releasing 
factor, p-endorphin, endothelial cell growth supplement, 
epidermal growth factor, erythropoietin, fibroblast growth 
factor, fibronectin, follicle stimulating hormone, 
granulocyte colony stimulating factor, growth hormone 
(somatotropin), growth hormone releasing factor 
(somatoliberin), insulin, insulin-like growth factor 
(somatomedin), an interferon (typically a, p, y), an 
interleukin (typically 1,2,3,4), lutropin, lymphotoxin, 
macrophage derived growth factor, macrophage inhibiting 
factor, macrophage stimulating factor, megakaryocyte 
stimulating factor, nerve growth factor, pancreatic 
endorphin, parathyroid hormone, platelet derived growth 
factor, relaxin, secretin, skeletal growth factor, 
superoxide dismutase, thymic hormone factor, thymic 
factor, thymopoeitin, thyrotropin, transforming growth 
factor (a and p), tumor necrosis factor, tumor 
angiogenesis factor, vasoactive intestinal polypeptides 
and wound angiogenesis factor, immunosuppressives, such 
as RhO (D) ISG and IVGG's, thrombolytics such as 
urokinase, streptokinase and tissue plasminogen activator, 
and antigens such as Rhus all (poison ivy), Rhus tox poison 
ivy-polyvalent and staphage lysate (staphyloccocus 
lysate). 
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Other highly preferred polypeptides for use in accordance 
with this invention are cyclosporins, a group of 
biologically active metabolites produced by Tolypocladium 
inflatum Gams (formally designed as Trichoderma 
polysporum) and other fungi imperfecti. The major 
component, cyclosporin A, is a non-polar cyclic oligo- 
peptide with selective immunosuppressive activity very 
suitable after human organ transplants. 
Other polypeptides contemplated by this invention are 
polypeptides specifically intended for veterinary use, 
including vaccines, animal growth factors and bovine 
interferons and interleukin-2. Illustrative vaccines 
include: bovine vaccines (for example those for anthrax, 
Clostridium (multiple species), pasteurella, leptospira 
pomona, bovine diarrhoea, brucellosis, parainfluenza, 3- 
respiratory syncytial virus, tetanus, vesicular stomatitis 
and staphylococcus), canine vaccines (for example those 
for bordetella, coronavirus, distemper, parvovirus, parin- 
fluenza and rabies), equine vaccines (for example those for 
anthrax, encephalomyelitis, influenza, tetanus, rabies and 
streptococcus-strangles), feline vaccines (such as those 
for leukemia, pneumonitis-chlamydia and rabies), ovine 
vaccines (for example those for anthrax, blackleg, 
bluetongue, enterotoxemia, tetanus and vibriosis) and 
porcine vaccines (for example those for anthrax, enteroto- 
xemia, dysentery, erysipelas, leptospirosis, parvovirus, 
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pseudorabies, tetanus and rotavirus). 
Yet other polypeptides contemplated for use herein are 
polypeptides of particular interest in the field of medicine 
are various enzymes. The enzymes can include labelling 
enzymes, modifying enzymes, nucleases, polymerases, 
sequencing enzymes and restriction enzymes. Highly 
preferred enzymes of the instant invention are lysozyme 
and digestive enzymes, alike pepsin, enterokinase, trypsin, 
chimotrypsin, carboxypeptidase, aminopeptidase and 
elastase (pancreatopeptidase). 

Preferred polypeptides for use in accord with the instant 
invention include growth regulators. Among the preferred 
growth regulators are hematopoietic factors (which affect 
the maturation and proliferation of blood cells in lymphoid 
tissue and bone marrow), cytokines (which generally 
influence eukaryotic cell growth) and lymphokines (which 
affect lynphocyte growth). Specific polypeptides, which 
are growth regulators or lymphokines, are: interleukin 
1,2,3 and 4; a, p, and y interferons; granulocyte colony 
stimulating factor (G-CSF); granulocyte-macrophage CSF 
(GM-CSF); macrophage CSF (m-CSF); megakaryocyte CSF; 
multi CSF or IL-3 (also known as BPA, HCGF.MCGF and PSF); 
erythropoietin; lymphotoxin; tumor necrosis factor (TNF, 
also known as cachectin); a and p transforming growth 
factor (TGF); nerve growth factor (NGF); insulin-like 
growth factor I and il (IGF I is also called somatomedin C); 
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growth hormone (GF, also called somatotropin); and growth 
hormone releasing factor (GHRF, also called 
somatoliberin). See Clark et al, "The human Hematopoietic 
Colony Stimulating Factors", Science, 1229-1237 (June 5, 
1987); Tanniguchi, "Regulation of Cytokine Expression", 
Ann. Rev. Imm., 6, 439-464 (1988); and Watson et al., 
Molecular Biology of the Gene, Vol. II, 4 th Ed., 
Benjamin/Cummings Publishing (1987). 
In another preferred embodiment of this invention, the 
drug substance consists of prostaglandins, alike 
prostaglandin Ai, prostaglandin D2, prostaglandin D 2 
analogs, prostaglandin E1 , keto prostaglandin E1, 
prostaglandin E 2 , methyl prostaglandin E 2 , prostaglandin 
E3, prostaglandin Ei a , prostaglandin F 2a , methyl 
prostaglandin F 2 o. prostaglandin F 3a , prostaglandin H 
series, prostaglandin X series; prostaciclins, alike 
prostaglandin l 2 , carba prostaglandin l 2 , oxo-prostaglandin 
l 2 , and their pharmaceutical^ acceptable salts or series 
derivatives, alike misoprostol; tromboxanes, which are 
hygroscopic and oxidable and their derivatives, alike 
ifetroban sodium (TXA 2 /prostaglandin endoperoxide 
receptor antagonist), used as antithrombotic agents. 
Similarly in another preferred embodiment, the drug 
substance is consisting of eicosapentaenoic acid (referred 
also as EPA) and docosahexanenoic acid (referred also as 
DHA), fatty acids, which are unstable by action of light and 
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oxygen, formulated alone or added with tocopherol as 
antioxidant. 

In another preferred embodiment the drug substance is 
represented by H+/K+ ATPase inhibitors (benzimidazole 
derivatives and their pharmaceutical^ acceptable salts) 
alike omeprazole, lansoprazole, pantoprazole, pantoprazole 
sodium, timoprazole, rabeprazole sodium (pariprazole 
sodium) and other published products under research 
(search codes: NC-1300, TY-11345), which are not stable 
in gastric juice and readily oxidable, with macroscopic 
changes of colour from white to violet-brownish and 
consequent loss of activity. 

Another embodiment for the drug substance capsule filling 
consists of H2-antagonists, alike ranitidine hydrochloride 
and base, nizatidine, famotidine, which are degraded by 
atmospheric moisture. 

In another preferred embodiment of the unit dosage drug 
delivery system of this invention, the drug substance 
consists of antiacids inorganic salts, alike sodium 
bicarbonate, calcium carbonate and magnesium carbonate . 
In another preferred embodiment, the drug substance 
consists of orally active antiallergic agents, alike 
astemizole, terfenadine, tranilast, loratadine, azelastine, 
amlexanox, repirinast, tarzanolast, pemirolast potassium, 
batebulast HCI, quinolast sodium, suplatast tosylate and 
other published products under research (search codes: CI- 
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949, KW-4679, TYB-2285) . 

In another preferred embodiment of the unit dosage 
delivery system of this invention, the drug substance 
consists of antiasthmatic agents, alike ketotifen, 
fluoxetine, clemastine fumarate, cetirizine and theo- 
phylline agents, alike ambuphylline, bamiphylline and 
oxpentiphylline. 

In another preferred embodiment the drug substance 
consists of orally active inhibitors of angiotensin 
converting enzyme (ACE), alike captopril, enalapril, 
lisinopril and trandolapril, which have an unpleasant odor 
and scarce stability. 

In another preferred embodiment the drug substance 
consists in diuretic agents, alike indapamide and other 
aminosulfonic derivatives. 

In another preferred embodiment of the unit dosage 
delivery system of this invention, the drug substance 
consists of antineoplastic agents, alike etoposide and 
estramustine phosphate sodium. 

In another preferred embodiment the drug substance 
consists of immunopotentiator agents, alike levamisole. 
In another preferred embodiment the drug substance 
consists of antiviral nucleosides agents, alike acyclovir 
with inhibitory activity towards several herpes viruses 
and zidovudine, stavudine, didanosine, for the treatment of 
adult patients with HIV infection or paediatric patients 
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(three months to 12 years) with symptomatic HIV 
infection or with significant HIV-related 
immunosuppression. 

In another preferred embodiment of this invention, the 
drug substance consists of oral antifungal agents, alike 
terbinafine, amorolfine, ketoconazole, fluconazole, 
itraconazole and cilofungin. 

In another preferred embodiment of the unit dosage 
delivery system of this invention, the drug substance 
consists of antiparkinson agents, alike selegiline, 
inhibitor of Monoamino-oxidase B (MAO B), and pergolide 
mesylate, pharmacologically active as dopamine agonist. 
In another preferred embodiment of this invention, the 
drug substance consists of anticonvulsant-antiepileptic 
agents, alike valproic acid, lamotrigine and felbamate. 
In another preferred embodiment the drug substance is 
represented by antiinflammatory, analgesic, antipyretic 
agents, which have ulcerative side-effects : aspirin 
(acetyl salicylic acid), derivatives of indol, alike 
indomethacin and sulindac, derivatives of oxicam, alike 
piroxicam and tenoxicam, derivatives of propionic acid, 
alike pirprofen, ibuprofen, flurbiprofen, ketoprofen, 
diclofenac, ketorolac, naproxen and indoprofen. 
In another embodiment of the unit dosage delivery system 
of this invention, the drug substance consists of 
finasteride, an agent used in case of prostatic 
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hyperthrophy. 

In another preferred embodiment of this invention, the 
drug substance consists of calcium blocking agents, alike 
nifedipine, isradipine, nicardipine, nilordipine, nimodipine, 
nisoldipine, furaldipine, clinidipine, efonidipine, 
elnadipine, amlodipine, nitrendipine, palonidipine, 
elgodipine, manidipine, benidipine, cronidipine, 
barnidipine, oxidipine, perdipine, niguldipine, nilvadipine, 
lacidipine, lidoflazine, cinnarizine, flunarizine and other 
published products under research, alike darodipine (EN: 
090658), arandipine (MPC- 1304) and pranidipine (OPC- 
13340). 

In another preferred embodiment of the unit dosage drug 
delivery system, the drug substance consists of 
cardiovascular preparations, alike nicorandil or diltiazem. 
In another preferred embodiment of the unit dosage drug 
delivery system of this invention, the drug substance is 
represented by lyophylized yeasts, alike lactobacillus 
bifidus and lactobacillus bulgaricus, which are not stable 
in gastric juice. Other optional components in convenient 
amount may be added to the capsule filling of the instant 
invention, alike surfactants, such a sorbitan derivative 
(e.g. polysorbate 80) or sodium lauryl sarcosinate, 
additional micronized silica gel or lecithin, antioxidants 
and C2-C3 linear or ramified alifatic alcohols, such as 
absolute ethanol, or polyalcohols and their C1-C2 esters. 
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The antioxidant is hindered phenol, retinoic acid, 
erythorbic acid, tocopherol, citric acid, and/or anthranilic 
acid, preferably a retinol acid derivative such as retinol, 
retinoic acid or its fatty acid esters especially 
retinylpalmitate. The antioxidant is present at 
concentrations further comprising of from 0.001 % to 5.0 
%, preferably 0.3 % - 0.8 % by weight of the capsule filling. 
The surfactant concentration may vary from 0.1 % to 2.0 % 
by weight of the capsule filling. The alcohol or polyalcohol 
content shall be considered of from 1 % to 30 %, preferably 
from 10 % to 25 % by weight of the capsule filling. Minor 
amounts of other materials may be added at art 
established levels. These include, without limitation, 
pigments, opacizers, aromes, sweeteners and the like 
materials, when added, should not interfere with the 
active drug substance of these compositions. The above 
optional components or modifications of the capsule 
filling, consisting basically of drug substance and 
"Silicone Resin", are intended to improve the acceptability, 
but are well known within the skill of workers in the 
pharmaceutical arts and, by themselves, constitute no part 
of the present invention. 

In another preferred embodiment of the unit dosage drug 
delivery system of this invention consists of rendering 
gastroresistant the capsule housing after the production 
process or after any period of storage. The capsule housing 
of the instant invention, which has been modified to be 
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rendered gastroresistant, presents for some drug 
substances the advantage that the capsule filling with the 
incorporated active drug substance is released 
(disintegrated) in the intestines, after passing unchanged 
through the stomach. The techniques used for rendering 
gastroresistant the soft capsules of the instant invention 
are very close to those already used for the tablets or 
gelatin capsules and are within the skill of workers in the 
pharmaceutical arts and, by themselves, constitute no part 
of the present invention. The gastroresistance may be 
obtained by different known methods, according with the 
specific material of the first outer hydrophilic layer or 
sheath. Different methods have been also described to 
produce gastroresistant conventional soft gelatin 
capsules. Mercer immersed twice the capsules in a 
solution of beeswax (10% in ether) and then in multiple 
baths of molten salol (Mercer J., Austral. J. Pharm., 
36,1169,1955). Carstensen treats firstly the conventional 
soft gelatin capsules with a solution at 5 % of HCI and at 5 
% of water in isopropanol to have a shiny surface through 
an hydrolysis. After drying, they are passed in a solution of 
3 % of ethylcellulose in isoamyl alcohol. Finally the gelatin 
capsules are dried by centrifugation (Carstensen J.T., et 
a!., U.S. Patent 2.789.920, April 23, 1957). In British 
Patent 602,260 the solution of gelatin in aqueous glycerin 
is added with insoluble organic and inorganic salts of 
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cellulose acetate phtalate. The pH of the film shall 
necessarily be 7 - 7.5. The capsules may be then treated 
with a solution of 1 % of formaldehyde and then washed 
and dried. To obtain the gastroresistance, Yen and Stirn 
immerse, for one minute, under stirring, the capsules in an 
ethanolic solution of 0.5 % - 10 % of formalin, 0.25 % of 
resins, alike benzoin and 0.5 % - 3 % of cumarin or vanillin. 
The solution is eliminated by centrifugation and the 
capsules are dried (Yen E.C., Stirn F.E., U.S. Pat. 
2.727.833,20, December 20, 1955). The unit dosage drug 
delivery system of this invention may be also conveniently 
treated with a solution of aldehyde, preferably 
formaldehyde, in dispersion in a highly volatile water- 
miscible solvent, preferably acetone. This treatment may 
be carried out by immersion or by spraying, but preferably 
by sprinkling the capsules. The ratio of 30 % formaldehyde 
to acetone is 1:60. The formaldehyde content of the 
solution is checked at the beginning of the operation and 
during the process. For this control, may be used the 
Bougault and Gros method (oxidation with iodine and 
titration on return of the excess of iodine). The treatment 
with formaldehyde may be done in order to avoid washing 
and drying the soft capsules, depending on the degree of 
gastroresistance and the time of opening in the intestinal 
juice. The application is obtained in a turbine used for 
making pills, where internally there are driving, guiding 
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and acceleration devices for the rotation of the capsules, 
which are sprinkled by the admission of the solution by 
means of nozzles or sprinkling roses, opening into the 
chamber of the turbine. In this manner, the capsules are 
well wetted by the dispersion of formaldehyde, the 
acetone evaporates rapidly for the presence of a suction 
device and the capsules can be immediately packed. 
Another known method for soft gelatin capsules consists 
to immerse or spray the first outer hydrophilic layer or 
sheath for a suitable period with tannic acid, thus the 
modified gelatin of the first outer layer or sheath 
conveniently presents suitable gastroresistant properties, 
which allow the capsule housing to be disaggregated only 
in intestinal juice. In case the first outer layer is made 
from other suitable not gelatinous material, alike 
polyphenyl compounds, the gastroresistance can be 
achieved applying to the capsule housing a suitable coating 
composition, as known in the art, to produce stable 
capsules, resistant to the acid secretions of the stomach 
and dissolved in the alkaline fluid of the intestinal 
secretions. The gastroresistance control method is 
indicated in USP XXII, (page 1577-1578). This method is 
consisting of putting the capsules in artificial gastric 
juices for one hour, then in artificial intestinal juices and 
of measuring the time of disaggregation in this latter 
liquid. 
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Another more particularly embodiment of the unit dosage 
drug delivery system of this invention consists of 
extending the dissolution rate of the active drug substance 
over a wide range of time, by incorporation in the silicone 
resin of one or more release modifying substances. This is 
a particularly advantageous feature, as it allows the 
release rate to be modified as desired and to provide a 
suitable controlled dissolution rate of the active drug 
substance. Suitably pharmaceutical grade excipients, 
which produce an extended rate of dissolution, include 
hydrophobic release modifying substances, such as the 
following or mixture thereof : beeswax, silicone waxes and 
natural or modified stearic acid, palmitic acid, myristic 
acid, lauric acid, stearyl alcohol, cetyl alcohol, glyceryl 
stearate, ethyl oleate, arachids oil, cotton seed oil, rape 
seed oil, liquid paraffin, polyethylene glycol (from 400 to 
20,000), mono-, di- and/or triglycerides such as Miglyols 
(trade mark), Labrafils (trade mark), Precirols. (trade 
mark) and Gelucires (trade mark). The quantity of the 
release modifying substances, incorporated into the 
silicone resin, depends on their nature and on the required 
release properties. More particularly the level of the 
release modifying substances is further comprising of 
from 15 % to 60 %, preferably between 20 % and 55 % by 
weight of the silicone resin of the capsule filling. The 
release modifying substances may be incorporated in the 
silicone resin by admixing, dissolving, suspending, 
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agglomerating, homogeneizing or melting them together. 
The extended release control method is indicated in USP 
XXII (page 1580). 

PRODUCTION PROCESS 

The production process is conveniently carried out in air- 
conditioned areas to assure the proper conditioning 
(drying) of the multiple layers, sheaths or films of the 
capsule housing, the protection of the capsule filling to 
preserve low moisture content of active drug substances 
and their mixtures thereof. More particularly the 
temperature range in the areas is 15° C - 24° C (60° F - 
75° F) and the humidity is 20 % - 40 %. 
In the capsule housing preparation department, are 
individually weighed the solid elements of the multiple 
layers, sheaths or films, mixed with accurately metered 
and chilled (at about 8° C / 45° F) liquid elements. Then 
the resulting masses of each layer, sheath or film are 
individually transferred to separate melting tanks, where 
are melted, under stirring and vacuum (from 730 to 750 
mm Hg) at about 90° C (200° F) of temperature. The 
operations are carried out simultaneously in conventional 
mixers, for example mixers of stainless steel or similar 
material. To the mass of the first outer hydrophilic layer 
or sheath conventional additives, including colouring 
agents, plasticizers, opacifiers and preserving agents and 
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antioxidants may be added. Usually for each mixing process 
it is necessary 25 minutes and for melting procedure about 
2 hours. At this moment, a sample of the resulting mass of 
the first outer layer is taken and compared visually 
against a colour standard; if adjustments are required, 
more colorants are added. The masses of each layer, sheath 
or film are maintained in different mixers at a 
temperature of 57° C - 60° C (135° F - 140° F), before and 
during the capsulation process. The materials preparation 
department will have a weighing and mixing area equipped 
with the necessary equipment and facilities for the 
preparation of a variety of fill mixtures, that may be 
encapsulated. An initial blending of the capsule fill 
ingredients (basically active drug substance, silicone resin 
and other solids and liquids) is completed in suitable 
stainless steel, jacketed tanks and mixers. When the above 
step is completed, the masses are individually subjected 
to a milling or homogenizing process (homoloid mill, stone 
mill or hopper mill may be conveniently used as 
equipment), not to reduce the particle size, but to break up 
agglomerates of solids and to ensure that all ingredients 
are suitably wetted with the liquid carrier. In case of 
extended release preparation, the release modifying 
substances are admixed, dissolved, suspended, 
agglomerated or melted together to the above mixture at 
this stage. Then the resulting capsule fill is subjected to 
de-aeration to achieve uniform capsule fill weight and 
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protection from the oxidation before and during 
capsulation. It is convenient sending samples of the 
mixture fill to the control laboratories for various tests, 
alike ingredients assays, homogeneity tests, moisture 
content and air entrapment. After quality approval, the 
capsule fill is transferred from the mixing tank to the fill 
tank, the container that will be used at the capsulation 
machine. In order to better describe the fundamental 
aspects of the instant invention, a schematic drawing of 
the same production process is presented in Figure 1; the 
mass of the first outer hydrophilic layer is fed by gravity 
to a spreader box and the flow of this mixture, on to 
rotating drum (1), cooled at 13° C - 15° C (56° F - 58° F) 
of temperature, is obtained by gravity or under pressure. 
The first outer layer or sheath, obtained with a controlled 
thickness, is fed over guide rolls and then down, between 
the injection wedge and the die rolls. On the same fashion, 
the second and the additional inner films or sheaths (made 
from silicone or silicone mixture), are individually 
obtained and coupled with the internal face of the first 
outer layer or sheath, by passing them between the wedge 
and the die rolls to obtain the capsule housing. In Figure 2 
is presented an alternative method of capsulation process, 
where the second rotating drum (2) is replaced by a 
spreader box. The spreader box is installed on the top of 
the first rotating drum and deposits directly, by gravity or 
under pressure, the second hydrophobic sheath or film of 
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the desired thickness on internal face of the outer layer or 
sheath. Any additional inner layer or sheath is then 
obtained and incorporated to the capsule housing as 
previously described. The capsule filling, to be capsulated, 
flows by gravity from the fill tank into a positive 
displacement pump and then, accurately metered by this 
pump, through the leads and the wedge, into the capsule 
housing (made from multiple coupled layers, sheaths or 
films), between the die rolls. In the bottom of the wedge, 
there are small orifices, lined up with die pockets of the 
die rolls. The capsule is about half sealed, when the 
pumped material forces the various films into the die 
pockets, where the capsules are filled, shaped, and 
hermetically sealed and cut from the ribbons. The sealing 
of the capsule is obtained by mechanical pressure on the 
die rolls and the heating (37°C - 40° C) of the capsule 
housing by the wedge; thus the capsules can be preliminary 
dried or spread directly on trays and placed in drying 
tunnels. The capsules are air-conditioned in area having 20 
% to 30 % of relative humidity and 20° C - 24° C (70° F - 
75° F) of temperature. At the end of the manufacturing 
process, the soft capsules of the invention are sent to the 
inspection department and held until released by the 
quality controls. Control tests specifically applicable are : 
seal thickness determinations, moisture tests, fragility or 
rupture tests, and determination of freezing and high 
temperature effects. The determination of dosage weight 
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for the content of the drug substance shall be also 
controlled as indicated in USP XXII. They may be stored for 
long periods without any sign of degradation or 
decomposition. Immediately before or after any period of 
storage, when necessary, the soft capsules can be sent to a 
gastroresistance department and processed, with methods 
as described before. 

The difference of the soft gelatin capsules of the prior art 
and of the unit dosage drug delivery system of this 
invention is further evidenced by the illustration of Figure 
3, showing cross section diagrams of the claimed product. 
The new soft capsules of invention have excellent 
pharmaceutical properties and acceptability. They are 
chemically and physically stable and do not develop 
significant pH variation during storage. It is surprising 
that the new pharmaceutical soft capsules of this 
invention, manufactured from coupled multiple layers, 
sheaths or films, incorporating a mixture of active drug 
substances and silicone resin, are considerably more 
stable and present an improved protection from adversely 
affecting agents, alike atmosphere, moisture and oxidation 
and substantially prevent the diffusion of the residual 
water contained from the capsule housing to sensitive 
active drug substance incorporated in the capsule filling. 
In order to better illustrate the instant invention, the 
following examples are reported, that in any case may not 
be considered limitative. 
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EXAMPLE 1 : Preparation of 9,100 soft capsules of 
cyclosporin 25 mg (2 oval) 
Each soft capsule containing : 
CAPSULE FILLING 

- cyclosporin 25.000 mg 

- silicone resin (viscosity 100 cSt) 50.000 mg 

- absolute ethanol 25.000 mg 

Total weight of the content 100.000 mg 

CAPSULE HOUSING 
First outer layer : 

- gelatin 49.230 mg 

- glycerol 26.263 mg 
Second inner layer : 

- silicone (viscosity 125 cSt) 3.720 mg 
Total weight of the capsule housing 79.213 mg 
Capsule housing/first outer layer 

448 g of gelatin, 239 g of glycerol and 494 g of water are 
mixed. This mixture is melted under vacuum (730-750 mm 
Hg) and stirring in a stainless steel tank at a temperature 
between 75° C and 80° C, until the melting is absolutely 
complete. The opaque mass, thus obtained, is then used for 
making the first outer layer ribbon (wet thickness about 
0.76 mm), in the manner described before (Figure 2/Drum 1). 
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Capsule housing/second inner layer 

33.85 g of silicone, having an intrinsic viscosity of about 
125 cSt, are placed in a spreader box installed on the top 
of the rotating drum 1, that deposits continuously on the 
internal surface of the first outer gelatin ribbon, an 
uniform film, thickness about 50 jam (Figure 2). 
Capsule filling 

455 g of silicone resin, having a viscosity of 100 cSt, are 
mixed with 227.5 g of cyclosporin (100 % assay) and 227.5 
g of absolute ethanol, until complete homogeneity. The 
suspension thus obtained is loaded, under constant 
stirring, into the fill tank of the fill pump of the machine 
for the production of soft capsules (Figure 2). The wet soft 
capsules are then dried and stabilized according to 
conventional methods on trays, placed in drying tunnels 
(72 hours at 20° C - 25° C). 7,470 soft capsules pass the 
visual inspection and the control tests. Yield : 82.08%. 
EXAMPLE 2: Preparation of 16,250 soft capsules of 
captopril 25 mg (2 round). 
Each soft capsule containing : 
CAPSULE FILLING 

- captopril 25.000 mg 

- silicone resin (viscosity 150 cSt) 75.000 mg 



Total weight of the content 



100.000 mg 
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CAPSULE HOUSING 
First outer layer : 

- gelatin 49.280 mg 

- modified sorbitol solution 45 % 26.320 mg 

- titanium dioxide E 171 0.798 mg 

- iron oxide red E 172 0.020 mg 
Second inner layer : 

- silicone (viscosity 200 cSt) 4.807 mg 



Total weight of the capsule housing 81.225 mg 



Capsule housing/first outer layer 

800.8 g of gelatin, 427.7 g of modified sorbitol solution 45 
% (in water), 715.0 g of water, 12.97 g of titanium dioxide 
(E 171), 0.325 g of iron oxide red (E 172) are conveniently 
mixed, under vacuum (730 - 750 mm Hg) in a stainless 
steel tank at a temperature between 75° C and 80° C, until 
the melting is homogeneous and complete. The resulting 
pink mass is then used for preparing the first outer layer 
ribbon (wet thickness about 0.82 mm) on the fashion 
already described. 
Capsule housing/second inner layer 

78.11 g of silicone, viscosity about 200 cSt, are introduced 
in a spreader box, placed on the top of the rotating drum 1. In 
this manner, in the internal face of the first outer layer is 
deposited an uniform film with a thickness of about 65 jam. 
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Capsule filling 

1,219.0 g of silicone resin, having a viscosity of 150 cSt, 
are added to 406.25 g of captopril (adjusted to 100 % 
titre) in a suitable mixer and the suspension is loaded into 
the fill tank of the fill pump of the capsule machine for 
the production of soft capsules (Figure 2). The resulting 
wet soft capsules are dried and stabilized according to 
conventional methods on trays, placed in drying tunnels 
(60 hours to 28° C - 30° C). 13,100 soft capsules pass the 
visual inspection and the control tests. Yield : 80.6 %. 
EXAMPLE 3: Preparation of 32,500 soft capsules of 
lysozyme hydrochloride 250 mg (20 oblong) 
Each soft capsule containing : 
CAPSULE FILLING 

- lysozyme hydrochloride 250.000 mg 

- silicone resin (viscosity 125 cSt) 850.000 mg 

Total weight of the content 1100.000 mg 

CAPSULE HOUSING 
First outer layer : 

- gelatin 261.154 mg 

- glycerol 139.384 mg 

- titanium dioxide E 171 9.230 mg 
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Second inner layer : 

- silicone (viscosity 250 cSt) 36.077 



Total weight of the capsule housing 445.845 



Capsule housing/first outer layer 

8.49 Kg of gelatin, 4.53 Kg of glycerol, 0.3 Kg of titanium 
dioxide (E 171) and 9.38 Kg of water are mixed thoroughly 
and the mixture is melted in a stainless steel tank, under 
vacuum and constant stirring, at a temperature between 
75° C and 80° C. When the melting is completed, the mass 
is used for preparing the first outer layer ribbon on the 
fashion already described, having a thickness of about 0.96 
mm. 

Capsule housing/second inner layer 

1,172.0 g of silicone, having an intrinsic viscosity of about 
250 cSt are placed in a spreader box, installed on the top 
of the rotating drum 1, that dispensed continuously on the 
internal surface of the first outer gelatin ribbon an 
uniform film, having a thickness of about 60 urn (Figure 2). 
Capsule filling 

27.625 Kg of silicone resin, having a viscosity of 125 cSt, 
are mixed with 8.125 Kg of lysozyme hydrochloride (100 % 
assay) and the obtained paste is loaded, under pressure 
into the fill tank of the fill pump of the machine for the 
production of the soft capsules (Figure 2). The wet soft 
capsules are then dried and stabilized according to 
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conventional methods on trays, placed in drying tunnels 
(80 hours at about 25° C). 24,520 soft capsules pass the 
visual inspection and the control tests. Yield : 75.44 %. 
EXAMPLE 4: Preparation of 24,000 gastroresistant soft 
capsules of lansoprazole 30 mg (2 oval). 
Each gastroresistant soft capsule containing : 
CAPSULE FILLING 

- lansoprazole 30.000 

- silicone resin (viscosity 250 cSt) 69.250 

- sodium laurylsarcosinate 0.750 



mg 
mg 
mg 



Total weight of the content 100.000 



mg 



CAPSULE HOUSING 
First outer layer : 



- gelatin 


49.250 


mg 


- modified sorbitol solution 45% 


12.916 


mg 


- glycerol 


13.333 


mg 


- titanium dioxide E 171 


0.351 


mg 


- Ponceau red (FD & C Red n°1/E 124) 


0.418 


mg 


- quinoline yellow (E 104) 


0.025 


mg 


Second inner layer : 






- silicone (viscosity 300 cSt) 


9.121 


mg 



Total weight of the capsule housing 85.414 mg 
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Capsule housing/first outer layer 

1,182.0 g of gelatin, 310.0 g of modified sorbitol solution 
45 % (in water), 320.0 g of glycerol, 1,200.0 g of water, 
8.43 g of titanium dioxide (E 171), 10.03 g of Ponceau red 
(FD & C Red. n°/E 124), 0.6 g of quinoline yellow (E 104) 
are conveniently mixed, under stirring and vacuum (730 - 
750 mm Hg), in a stainless steel tank at a temperature 
between 75° C - 80° C, until the melting is complete. The 
red gelatin mass is utilized to obtain the first outer layer 
ribbon (wet thickness about 0.75 mm) by a process as 
previously described. 
Capsule housing/second inner layer 

218.91 g of silicone, having a viscosity of about 300 cSt, 
flow by gravity in a spreader box on the top of the rotating 
drum 1, that continuously deposits an uniform film, with a 
thickness of about 80 urn, in the internal face of the first 
outer layer. 
Capsule filling 

1,662.0 g of silicone resin, with a viscosity of 250 cSt, 
are mixed with 720.0 g of lansoprazole (100 % assay) and 
18 g of sodium laurylsarcosinate. The resulting suspension 
is placed in the fill tank of the fill pump of the capsule 
machine for the production of the soft capsules. The soft 
capsules are manufactured in the usual manner as 
described in Figures 1 and 2. The resulting wet soft 
capsules are dried and stabilized, according to 
conventional methods on trays, placed in drying tunnels 
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(72 hours at 20° C - 25° C). 19,407 soft capsules pass the 
visual Inspection and the control tests. Yield : 80.86 %. 
Gastro resistance process 

The above soft capsules are employed for the preparation 
of gastroresistant capsules by proceeding on the following 
fashion : a conventional quantity of capsules (about 
10,000) are introduced in a turbine (or rotating pan). By 
means of a tube connected with a tank, containing 
formaldehyde dispersion in acetone in the ratio of 1:60 
(formaldehyde at 30 % potency in acetone), the soft 
capsules are sprayed by using 503.3 g of this dispersion. 
The formaldehyde is immediately fixed by the first outer 
hydrophilic layer and the acetone is simultaneously 
evacuated by a suction devices provided inside the turbine 
(or rotating pan). The soft capsules are packed individually 
in blisters. 

The gastroresistance of 2 hours (measured according to 
USP XXII pages 1577-1578) was reached 4 days after 
treatment, being made as a function of the ageing of the 
capsules. The time of opening of gastroresistant soft 
capsules in the artificial intestinal juice, for an ageing of 
2 months to one year, is practically constant at 200 
seconds. 
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EXAMPLE 5: Preparation of 26,000 extended release soft 
capsules of nicorandil 45 mg (2 oval). 
Each extended release soft capsule containing : 
CAPSULE FILLING 

- nicorandil 45.000 mg 

- silicone resin (viscosity 300 cSt) 55.000 mg 

Total weight of the content 100.000 mg 

CAPSULE HOUSING 
First outer layer : 

- gelatin 49.269 mg 

- modified sorbitol solution 45 % 26.307 mg 

- titanium dioxide E 171 0.800 mg 

- iron oxide red E 172 0.040 mg 
Second inner layer : 

- silicone (viscosity 100 cSt) 6.322 mg 
Third inner layer : 

- silicone elastomer (with pores) 4.353 mg 
Total weight of the capsule housing 87.091 mg 
Capsule housing/first outer layer 

1,281.0 g of gelatin, 684.0 g of modified sorbitol solution 
45 % (in water), 20.8 g of titanium dioxide (E 171), 1.04 g 
of iron oxide red (E 172) and 900 g of water are 
conveniently mixed, under vacuum and stirring, in a 
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stainless steel tank at a temperature of 75° C - 80° C. The 
pink gelatin mass is utilized to obtain the first outer layer 
ribbon (wet thickness about 0.76 mm), by a process as 
previously described. 
Capsule housing/second inner layer 

164.37 g of silicone, having a viscosity of about 100 cSt, 
are introduced in a spreader box, placed on the top of the 
rotating drum 1. In this manner on the internal face of the 
first outer layer is deposited an uniform film with a 
thickness of about 55 |im (Figure 2). 
Capsule housing/third inner layer 

A suitable ribbon from silicone elastomer (thickness about 
30 u.m, melting point of 39° C - 40° C, pore distribution of 
50 pores/mm 2 , pore size about 50 urn) is automatically 
released from a third rotating drum and coupled on the 
internal face of the second inner layer (Figure 1) . 
Capsule filling 

1.43 Kg of silicone resin, having a viscosity of 300 cSt, 
are mixed with 1.170 Kg of nicorandil (100 % assay) and 
the resulting viscous suspension is loaded, under pressure, 
in the fill tank of the fill pump of the machine for the 
production of the soft capsules (Figure 1). The wet soft 
capsules are then dried and stabilized according to 
conventional method on trays, placed in drying tunnels (72 
hours at 20° C - 25° C). 18,970 soft capsules pass the 
visual inspection and the control tests. Yield : 72.96 %. 
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EXAMPLE 6 : Preparation of 30,500 extended release soft 
capsules of nicorandil 30 mg (2 oval). 
Each extended release soft capsule containing : 
CAPSULE FILLING 

- nicorandil 30.000 mg 

- silicone resin (viscosity 800 cSt) 45.000 mg 

- white wax 25.000 mg 



Total weight of the content 100.000 



mg 



CAPSULE HOUSING 
First outer layer : 

- gelatin 49.246 

- modified sorbitol solution 45 % 26.307 

- titanium dioxide E 171 0.720 

- iron oxide red E 172 0.120 
Second inner layer : 

- silicone (viscosity 150 cSt) 6.885 



mg 
mg 
mg 
mg 

mg 



Total weight of the capsule housing 83.278 



Capsule housing/first outer layer 

1,502.0 g of gelatin, 802.36 g of modified sorbitol solution 
45 % (in water), 21.96 g of titanium dioxide (E 171), 3.66 g 
of iron oxide red (E 172) and 1,055.0 g of water are mixed. 
This mixture is melted, under vacuum (730 - 750 mm Hg) 
and stirring, in a stainless steel tank at a temperature 
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between 75° C and 80° C until the melting is absolutely 
complete. The red-brown coloured gelatin mass is utilized 
to make the first outer layer ribbon (wet thickness of 
about 0.76 mm) on the fashion described before (Figure 2). 
Capsule housing/second inner layer 

209.99 g of silicone, having a viscosity of about 150 cSt, 
are introduced in a spreader box, installed on the top of the 
rotating drum 1, that deposits continuously, on the 
internal surface of the first outer gelatin ribbon, an 
uniform film with a thickness of about 60 u.m (Figure 2). 
Capsule filling 

1.372 Kg of liquid silicone resin, having a viscosity of 800 
cSt, are mixed with 915.0 g of nicorandil (100 % assay). 
762.5 g of white wax, previously melted at about 75° C are 
added to the mixture, under stirring at 25° C for about 5 
minutes, until obtaining an uniform support. The resulting 
mass is loaded, under constant stirring, into the fill tank 
of the fill pump of the machine for the production of soft 
capsules. In this manner is made a delivery system that 
assures the extended release of the active drug substance, 
due to the slow liberation from the support. The wet soft 
capsules are then dried and stabilized according to 
conventional methods on trays, placed in drying tunnels 
(72 hours at 20° C - 25° C). 18,950 soft capsules pass the 
visual inspection and the control tests. Yield : 62.13 %. 
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Extended release test of the soft capsules of Example 6 
The test is carried out according by USP XXII, page 1581, 
"Extended Release Article". 

The obtained results are indicated in the following table : 

hours % of nicorandil released 

2 h. 25 % 

6 h. 42 % 



12 h. 70 °/« 



© 



EXAMPLE 7 : Preparation of 25,000 extended release soft 
capsules of sodium bicarbonate 500 mg (20 oblong). 
Each extended release soft capsule containing : 
CAPSULE FILLING 

- sodium bicarbonate 500.0 

- silicone resin (viscosity 600 cSt) 470.0 

- white wax 130.0 



mg 
mg 
mg 



Total weight of the content 1100.0 



mg 



CAPSULE HOUSING 
First outer layer : 

• gelatin 261.154 

- glycerol 139.384 

- titanium dioxide E 171 9.230 



mg 
mg 
mg 



Second inner layer : 

- silicone (viscosity 250 cSt) 



44.984 mg 



Total weight of the capsule housing 454.752 



Capsule housing/first outer layer 

6.53 Kg of gelatin, 3.48 Kg of glycerol, 7.21 Kg of water 
and 0.23 Kg of titanium dioxide (E 171) are mixed 
thoroughly and the mixture is melted in a stainless steel 
tank, under vacuum and constant stirring, at a temperature 
between 75° C and 80° C. When the melting is completed, 
the mass is used for preparing the first outer layer ribbon 
on the fashion already described, having a thickness of 
about 0.96 mm. 

Capsule housing/second inner layer 

I, 124.0 g of silicone, having an intrinsic viscosity of about 
250 cSt, are placed in a spreader box, installed on the top 
of the rotating drum 1, that dispenses continuously, on the 
internal surface of the first outer gelatin ribbon, an 
uniform film, having a thickness of about 75 urn (Figure 2). 
Capsule filling 

II. 75 Kg of silicone resin, having a viscosity of 600 cSt, 
are mixed with 12.5 Kg of sodium bicarbonate. 3.25 Kg of 
white wax, previously melted at about 75° C are added to 
the mixture under stirring at 25° C for about 5 minutes, 
until obtaining an uniform support. The resulting mass is 
loaded, under constant stirring, into the fill tank of the 
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fill pump of the machine for the production of the soft 
capsules. The wet soft capsules are then dried and 
stabilized, according to conventional methods on trays, 
placed in drying tunnels (72 hours at 20° C - 25° C). 
16,825 soft capsules pass the visual inspection and the 
control test. Yield : 67.3 %. 

Extended release test of the soft capsules of Example 7 
The obtained delivery system permits the extended release 
of the antiacid because of the slow liberation of sodium 
bicarbonate. The test is carried out according USP XXII, 
page 1581, "Extended Release Article". 
The obtained results are indicated in the following table : 



hours 


% of NaHC0 3 released 


1 h. 


28% 


3 h. 


51 % 


5 h. 


75% 



While the invention has been described in terms of various 
preferred embodiments, the skilled artisan will appre- 
ciate that various modifications, substitutions, omissions, 
and changes may be made without departing from the spirit 
thereof. Accordingly, it is intended that the scope of the 
present invention shall be limited solely by the scope of 
the following claims including equivalents thereof. 
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WHAT IS CLAIMED IS : 

1) A unit dosage drug delivery system which comprises : 

a) a multiple layers capsule housing, consisting of at least 
two or more coupled layers, sheaths or films from 
different materials, the first outer layer or sheath with 
hydrophilic character and the inner sheaths or films with 
hydrophobic character. 

b) a capsule filling, embodying one or more active drug 
substances, with conventional or extended drug release 
properties, with a remarkable hydrophobic character. 

2) The unit dosage drug delivery system, as defined in 
Claim 1, said multiple layers capsule housing, comprising : 
AO a first outer hydrophilic layer, consisting either of a 
mixture of gelatin, glycerin and/or modified sorbitol 
solution, water or alternatively of other suitable 
compounds, alike polyphenyl compounds. 

A 2 ) a second inner hydrophobic film or sheath from 
silicone, silicone mixture or other pharmaceutical^ 
acceptable silicone polymers. 

A 3 ) an optional inner third or additional films or sheaths, 
made from silicone polymers or waxes or alternatively 
from jaluronic acid polymers. 

3) The unit dosage drug delivery system, as defined in 
Claim 1, said capsule filling, confined within the capsule 
housing, containing: 

Bt) one or more active drug substances which, are admixed, 
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dissolved, suspended or agglomerated in an hydrophobic 
support. 

B 2 ) silicone resin having a viscosity in the range of from 
100 to 1,100 cSt and specific gravity in the range of from 
0.96 to 1.02. 

B 3 ) optional components particularly sodium lauryl- 
sarcosinate in the range from 0.1 % to 2.0 % and absolute 
ethanol in the range from 1.0 % to 30.0 %, preferably from 
10.0 % to 25.0 % of the capsule filling. 
B 4 ) optional release modifying substances, providing an 
extended release of the active medicinal drug, said 
modifying substances comprising : beeswax, silicone 
waxes and natural or modified stearic acid, palmitic acid, 
myristic acid, lauric acid, stearyl alcohol, cetyl alcohol, 
glyceryl stearate, ethyl oleate, arachids oil, cotton seed 
oil, rape seed oil, liquid paraffin, polyethylene glycol from 
400 to 20,000. 

4) The unit dosage drug delivery system, as defined in 
Claim 1, having size, shape and colour of a conventional 
capsule for oral, rectal or vaginal administration. 

5) The unit dosage drug delivery system, as defined in 
Claim 1-a), wherein the capsule housing, has conventional 
or enteric release dissolution. 

6) The unit dosage drug delivery system, as defined in 
Claim 2-Ai), wherein the first outer hydrophilic layer of 
the capsule housing, presents a thickness at the wet state 
preferably comprised between 0.50 mm and 1 mm. 
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7) The unit dosage drug delivery system, as defined in 
Claim 2-A 2 ), wherein a second inner hydrophobic film or 
sheath of the capsule housing is made from silicone, 
having a low-medium viscosity comprised between 10 and 
200,000 cSt. 

8) The unit dosage drug delivery system, as defined in 
Claim 2-A 2 ), wherein the second inner hydrophobic film or 
sheath of the capsule housing presents a thickness 
comprised between 0.1 and 100 pm, preferably between 50 
and 80 urn 

9) The unit dosage drug delivery system, as defined in 
Claim 2-A3), having an optional inner third or multiple 
films or sheaths of the capsule housing, with a thickness 
comprised between 0.1 and 100 pm, preferably between 5 
and 50 pm and a melting range of about 39° C - 40° C. 

10) The unit dosage drug delivery system, as defined in 
Claim 2-A3), having a third inner hydrophobic film or 
sheath of the capsule housing optionally covered with 
pores of suitable size, preferably comprised between 10 
and 100 pm and pore distribution from 2,500 to 25 
pores/mm2, in order to achieve a retarded diffusion of the 
active drug substance. 

11) The unit dosage drug delivery system, as defined in 
Claim 2-A 2 ), wherein the second inner hydrophobic sheath 
or film of the capsule housing has an intrinsic viscosity 
lower than that of the third inner film or sheath. 

12) The unit dosage drug delivery system, as defined in 
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Claim 2-A1), wherein the first outer hydrophilic layer 
represents from 83.33 % to 99.96 % by weight of the entire 
capsule housing, preferably between 90 % and 98 %. 

13) The unit dosage drug delivery system , as defined in 
Claim 2-A 2 ), wherein the sum of the second inner 
hydrophobic film or sheath and of the optional Inner third 
or multiple films or sheaths, is further comprising of from 
0.04 % to 16.67 % by weight of the entire capsule housing, 
preferably between 2 % and 10 %. 

14) The unit dosage drug delivery system, as defined in 
Claim 3, wherein the capsule filling contains one or more 
active drug substances, selected among the groups of 
oligopeptides, peptides, proteins, prostaglandins, 
cholesterol lowering agents, gastric antisecretories, 
antiacids, antiallergic agents, antiasthmatic agents, ACE 
inhibitors, diuretic agents, antineoplastic agents, antiviral 
nucleosides agents, antifungal agents, antiparkinson 
agents, antiepileptic agents, analgesics, non steroidal 
antiinflammatories, antitussives, decongestionants, 
narcotics, antibiotics, cardiovasculars, their organic and 
inorganic salts, liophylized yeasts and vitamins. 

15) The unit dosage drug delivery system, as defined in 
Claim 3, wherein the capsule filling contains one or more 
pharmaceutical active drug substances, in the range of 
from 0.0001 % to 45 % by weight. 

16) The unit dosage drug delivery system, as defined in 
Claim 3-B 3 ), wherein the release modifying substances are 
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further comprising of from 15 % to 60 %, preferably 
between 20 % and 55 % by weight of the silicone resin of 
the capsule filling. 

17) The unit dosage drug delivery system, as defined in 
Claim 2, wherein the multiple layers capsule housing 
presents an enteric release coating, obtained by 
conventional gastroenteric coating methods, preferably by 
immersion in a solution of formaldehyde dispersed in 
acetone in a ratio 1 : 60. 

18) The unit dosage drug delivery system, as defined in 
Claim 2-Ai), wherein the first outer layer of the capsule 
housing is made from polyphenyl compounds, wherein the 
gastroenteric release coating is obtained by applying a 
suitable conventional coating composition. 

19) The unit dosage drug delivery system, as defined in 
Claim 14, wherein the capsule filling contains attenuated 
vaccines, preferably cholera vaccine. 

20) The unit dosage drug delivery system, as defined in 
Claim 14, wherein the capsule filling contains typhoid 
vaccine. 

21) The unit dosage drug delivery system, as defined in 
Claim 14, wherein the capsule filling contains live 
vaccines, preferably poliomyelitis vaccine. 

22) The unit dosage drug delivery system, as defined in 
Claim 14, wherein the capsule filling contains 
polypeptides, preferably calcitonins. 

23) The unit dosage drug delivery system, as defined in 
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Claim 14, wherein the capsule filling contains 
erythropoietin. 

24) The unit dosage drug delivery system, as defined in 
Claim 14, wherein the capsule filling contains insulin. 

25) The unit dosage drug delivery system, as defined in 
Claim 14, wherein the capsule filling contains polypetides 
with immunosoppressive activity, preferably cyclosporins 

26) The unit dosage drug delivery system, as defined in 
Claim 14, wherein the capsule filling contains vaccines for 
mammalians, preferably oral vaccines. 

27) The unit dosage drug delivery system, as defined in 
Claim 14, wherein the capsule filling contains enzymes, 
preferably lysozyme. 

28) The unit dosage drug delivery system, as defined in 
Claim 14, wherein the capsule filling contains digestive 
enzymes, alike trypsin. 

29) The unit dosage drug delivery system, as defined in 
Claim 14, wherein the capsule filling contains 
carboxypeptidase. 

30) The unit dosage drug delivery system, as defined in 
Claim 14, wherein the capsule filling contains growth 
regulator, preferably interleukin 1. 

31) The unit dosage drug delivery system, as defined in 
Claim 14, wherein the capsule filling contains prosta- 
glandins, preferably prostaglandin Al 

32) The unit dosage drug delivery system, as defined in 
Claim 14, wherein the capsule filling contains 
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prostaglandin E2. 

33) The unit dosage drug delivery system, as defined in 
Claim 14, wherein the capsule filling contains methyl 
prostaglandin F2a- 

34) The unit dosage drug delivery system, as defined in 
claim 14, wherein the capsule filling contains 
prostaciclins, preferably prostaglandin I2. 

35) The unit dosage drug delivery system, as defined in 
Claim 14, wherein the capsule filling contains 
misoprostol. 

36) The unit dosage drug delivery system, as defined in 
Claim 14, wherein the capsule filling contains 
tromboxanes. 

37) The unit dosage drug delivery system, as defined in 
Claim 14, wherein the capsule filling contains cholesterol 
lowering agents, preferably eicosapentaenoic acid (EPA) 
and docosahexanenoic acid (DHA). 

38) The unit dosage drug delivery system, as defined in 
Claim 14, wherein the capsule filling contains H+/K + 
ATPase inhibitors, preferably omeprazole. 

39) The unit dosage drug delivery system, as defined in 
Claim 14, wherein the capsule filling contains 
lansoprazole. 

40) The unit dosage drug delivery system, as defined in 
Claim 14, wherein the capsule filling contains H 2 - 
antagonists, preferably ranitidine or its salts. 

41) The unit dosage drug delivery system, as defined in 
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Claim 14, wherein the capsule filling contains famotidine. 

42) The unit dosage drug delivery system, as defined in 
Claim 14, wherein the capsule filling contains antiacids 
agents, preferably sodium bicarbonate. 

43) The unit dosage drug delivery system, as defined in 
Claim 14, wherein the capsule filling contains antiallergic 
agents. 

44) The unit dosage drug delivery system, as defined in 
Claim 14, wherein the capsule filling contains 
antiasthmatic agents, preferably cetirizine and its salts. 

45) The unit dosage drug delivery system, as defined in 
Claim 14, wherein the capsule filling contains 
bamiphylline. 

46) The unit dosage drug delivery system, as defined in 
Claim 14, wherein the capsule filling contains ACE 
inhibitors, preferably captopril. 

47) The unit dosage drug delivery system, as defined in 
Claim 14, wherein the capsule filling contains enalapril. 

48) The unit dosage drug delivery system, as defined in 
Claim 14, wherein the capsule filling contains 
antineoplastic agents, preferably etoposide. 

49) The unit dosage drug delivery system, as defined in 
Claim 14, wherein the capsule filling contains 
estramustine phosphate sodium. 

50) The unit dosage drug delivery system, as defined in 
Claim 14, wherein the capsule filling contains antiviral 
nucleosides agents, preferably acyclovir. 
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51) The unit dosage drug delivery system, as defined in 
Claim 14, wherein the capsule filling contains antifungal 
agents, preferably itraconazole. 

52) The unit dosage drug delivery system, as defined in 
Claim 14, wherein the capsule filling contains 
antiparkinson agents, preferably selegiline and its salts. 

53) The unit dosage drug delivery system, as defined in 
Claim 14, wherein the capsule filling contains 
antiepileptic agents, preferably lamotrigine. 

54) The unit dosage drug delivery system, as defined in 
Claim 14, wherein the capsule filling contains anti- 
inflammatory agents, preferably aspirin. 

55) The unit dosage drug delivery system, as defined in 
Claim 14, wherein the capsule filling contains piroxicam. 

56) The unit dosage drug delivery system, as defined in 
Claim 14, wherein the capsule filling contains ketorolac. 

57) The unit dosage drug delivery system, as defined in 
Claim 14, wherein the capsule filling contains calcium 
blocking agents, preferably nifedipine. 

58) The unit dosage drug delivery system, as defined in 
Claim 14, wherein the capsule filling contains the calcium 
antagonist amlodipine. 

59) The unit dosage drug delivery system, as defined in 
Claim 14, wherein the capsule filling contains diltiazem 
and its salts. 

60) The unit dosage drug delivery system, as defined in 
Claim 14, wherein the capsule filling contains 
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vasodilators agents, preferably nicorandil. 

61) The unit dosage drug delivery system, as defined in 
Claim 14, wherein the capsule filling contains liophylized 
yeasts, preferably lactobacillus bifidus and lactobacillus 
bulgaricus. 

62) The unit dosage drug delivery system, as defined in 
Claims from 1 to 61, particularly suitable and convenient 
for delivering active drug substances, selected among the 
groups of oligopeptides, peptides, proteins, prostaglandins, 
cholesterol lowering agents, gastric antisecretories, 
antiacids, antiallergic agents, antiasthmatic agents, ACE 
inhibitors, diuretic agents, antineoplastic agents, antiviral 
nucleosides agents, antifungal agents, antiparkinson 
agents, antiepileptic agents, analgesics, non steroidal 
antiinflammatories, antitussives, decongestionants, 
narcotics, antibiotics, cardiovasculars, their organic and 
inorganic salts, liophylized yeasts and vitamins, sensitive 
to moisture, oxidation or easily degradable from the 
atmosphere. 

63) The unit dosage drug delivery system, as defined in 
Claims from 1 to 61, which advantageously prevent the 
diffusion of the water soluble active drug substances or of 
their pharmaceutical^ acceptable salts, selected among 
the groups of oligopeptides, peptides, proteins, prosta- 
glandins, cholesterol lowering agents, gastric anti- 
secretories, antiacids, antiallergic agents, antiasthmatic 
agents, ACE inhibitors, diuretic agents, antineoplastic 
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agents, antiviral nucleosides agents, antifungal agents, 

antiparkinson agents, antiepileptic agents, analgesics, non 

steroidal antiinflammatories, antitussives, 

decongestionants, narcotics, antibiotics, cardiovasculars, 

their organic and inorganic salts, liophylized yeasts and 

vitamins, from the capsule filling to the first outer 

hydrophilic layer of the capsule housing. 

64) A method for preparing the unit dosage drug delivery 

system, which comprises the steps of : 

1/ providing a capsule housing comprising the following 

ingredients : 

1/(a) a first outer hydrophilic layer, consisting either of a 
mixture of gelatin, glycerin and/or modified sorbitol 
solution, water or alternatively of other suitable 
compounds, alike polyphenyl compounds. 
1/(b) a second inner hydrophobic film or sheath from 
silicone, silicone mixture or other pharmaceutical^ 
acceptable silicone polymers. 

1/(c) an optional inner third or additional films or sheaths, 
made from silicone polymers or waxes or alternatively 
from jaluronic acid polymers. 

2/ providing a capsule filling, comprising the following 
ingredients : 

2/(a) one or more active drug substances which are 
admixed, dissolved, suspended or agglomerated in an 
hydrophobic support. 

2/(b) silicone resin having a viscosity in the range of from 
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100 to 1,100 cSt and specific gravity in the range of from 
0.96 to 1.02. 

2/(c) optional components particularly sodium lauryl- 
sarcosinate in the range from 0.1 % to 2.0 % and absolute 
ethanol in the range from 1.0 % to 30.0 %, preferably from 
10.0 % to 25.0 % of the capsule filling. 
2/(d) optional release modifying substances, providing an 
extended release of the active medicinal drug, said 
modifying substances comprising : beeswax, silicone 
waxes and natural or modified stearic acid, palmitic acid, 
myristic acid, lauric acid, stearyl alcohol, cetyl alcohol, 
glyceryl stearate, ethyl oleate, arachids oil, cotton seed 
oil, rape seed oil, liquid paraffin, polyethylene glycol from 
400 to 20,000. 

65) The method, according to Claim 64, wherein the 
capsule housing has conventional or enteric release 
dissolution. 

66) The method, according to Claim 64, wherein the first 
outer hydrophilic layer of the capsule housing, presents a 
thickness at the wet state preferably comprised between 
0.50 mm and 1 mm. 

67) The method, according to Claim 64, wherein a second 
hydrophobic inner film or sheath of the capsule housing is 
made from silicone, having a low-medium viscosity 
comprised between 10 and 200,000 cSt. 

68) The method according to Claim 64, wherein the second 
inner hydrophobic film or sheath of the capsule housing 
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presents a thickness comprised between 0.1 and 100 jim, 
preferably between 50 and 80 urn 

69) The method, according to Claim 64, having an optional 
inner third or multiple films or sheaths of the capsule 
housing, with a thickness comprised between 0.1 and 100 
jam, preferably between 5 and 50 ^m and a melting range 
of about 39° C - 40° C. 

70) The method, according in Claim 64, wherein the third 
film or sheath of the capsule housing is optionally covered 
with pores of suitable size, preferably comprised between 
10 and 100 u.m and pore distribution from 2,500 to 25 
pores/mm 2 , in order to achieve a retarded diffusion of the 
drug substance. 

71) The method, according to Claim 64, wherein the 
second inner hydrophobic sheath or film of the capsule 
housing has an intrinsic viscosity lower than that of the 
optional third inner film or sheath. 

72) The method, according to Claim 64, wherein the first 
hydrophilic outer layer represents from 83.33 % to 99.96 % 
by weight of the entire capsule housing, preferably 
between 90 % and 98 %. 

73) The method, according to Claim 64, wherein the sum 
of the second inner hydrophobic film or sheath and of the 
optional inner third or multiple film or sheath, is further 
comprising from 0.04 % to 16.67 % by weight of the entire 
capsule housing, preferably between 2 % and 10 %. 

74) The method, according to Claim 64, wherein the 
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capsule filling contains one or more active drug 
substances, selected among the groups of oligopeptides, 
peptides, proteins, prostaglandins, cholesterol lowering 
agents, gastric antisecretories, antiacids, antiallergic 
agents, antiasthmatic agents, ACE inhibitors, diuretic 
agents, antineoplastic agents, antiviral nucleosides 
agents, antifungal agents, antiparkinson agents, 
antiepileptic agents, analgesics, non steroidal 
antiinflammatories, antitussives, decongestionants, 
narcotics, antibiotics, cardiovasculars, their organic and 
inorganic salts, liophylized yeasts and vitamins. 

75) The method, according to Claim 64, wherein the 
capsule filling contains one or more pharmaceutical drug 
substances, in the range of from 0.0001 % to 45 % by 
weight. 

76) The method, according to Claim 64, wherein the 
capsule filling contains the release modifying substances 
further comprising of from 15 % to 60 %, preferably 
between 20 % to 55 % by weight of the silicon resin, 
excluding the active drug substance. 

77) The method, according to Claim 64, wherein the 
multiple layers capsule housing presents an enteric 
release coating, obtained by conventional gastroenteric 
coating methods, preferably by immersion in a solution of 
formaldehyde dispersed in acetone in a ratio 1 : 60. 

78) The method, according to Claim 64, wherein the first 
outer layer of the capsule housing is made from polyphenyl 
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compounds, wherein the gastroenteric release coating is 
obtained by applying a suitable conventional coating 
composition. 

79) A medicated composition, which comprises a 
pharmaceutical^ acceptable carrier and a therapeutically 
effective amount of a unit dosage drug delivery system 
containing : 

1/ a capsule housing comprising : 

1/(a) a first outer hydrophilic layer, consisting either of a 
mixture of gelatin, glycerin and/or modified sorbitol 
solution, water or alternatively of other suitable 
compounds, alike polyphenyl compounds. 
1/(b) a second inner hydrophobic film or sheath from 
silicone, silicone mixture or other pharmaceutically 
acceptable silicone polymers. 

1/(c) an optional inner third or additional films or sheaths, 
made from silicone polymers or waxes or alternatively 
from jaluronic acid polymers. 
21 a capsule filling, comprising : 

2/(a) one or more active drug substances which are 
admixed, dissolved, suspended or agglomerated in an 
hydrophobic support. 

2/(b) silicone resin having a viscosity in the range of from 
100 to 1,100 cSt and specific gravity in the range of from 
0.96 to 1.02. 

2/(c) optional components particularly sodium lauryl- 
sarcosinate in the range from 0.1 % to 2.0 % and absolute 
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ethanol in the range from 1.0 % to 30.0 %, preferably from 
10.0 % to 25.0 % of the capsule filling. 
2/(6) optional release modifying substances, providing an 
extended release of the active medicinal drug, said 
modifying substances comprising : beeswax, silicone 
waxes and natural or modified stearic acid, palmitic acid, 
myristic acid, lauric acid, stearyl alcohol, cetyl alcohol, 
glyceryl stearate, ethyl oleate, arachids oil, cotton seed 
oil, rape seed oil, liquid paraffin, polyethylene glycol from 
400 to 20,000. 

80) The medicated composition, as defined in Claim 79, 
adopted for oral, rectal or vaginal administration. 

81) The medicated composition, as defined in Claim 79, 
wherein the active drug substances are advantageously 
protected from atmosphere, from oxidation, from 
moisture-induced hydrolytic or degradation processes. 

82) The medicated composition, as defined in Claim 79, 
wherein the total moisture of the capsule filling content 
is less than 1 %. 

83) The medicated composition, as defined in Claim 79, 
wherein the active drug substance is conveniently 
protected from moisture, oxidation and atmospheric 
degradation processes. 

84) The medicated composition, as defined in Claim 79, 
wherein the diffusion of the active drug substance, from 
the capsule filling to the hydrophilic first outer layer of 
the capsule housing, is advantageously prevented by the 
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hydrophobic second inner layer. 

85) The medicated composition, as defined in Claim 79, 
wherein the possible unpleasant taste or odor of the active 
drug substance is suitably masked, improving the 
administration compliance. 

86) The medicated composition, as defined in Claim 79, 
adopted to extend the delivery of the active drug substance 
thereof, as to maintain a therapeutically plasma level 
thereof for a desired interval. 

87) The medicated composition, as defined in Claim 79, 
for eliciting a therapeutic response in a mammalian 
organism in need of such treatment, comprising 
administering to such organism a therapeutically effective 
amount of the unit dosage drug delivery system. 

88) A pharmaceutical product in unit dosage form which 
comprises: 

a) a multiple layer capsule or housing having two or more 
layers said layers being of different materials, wherein 
the outer layer possesses a hydrophilic character and the 
inner layer possesses a hydrophobic character, and wherein 
there is in contact with the inner layer. 

b) one or more drug substances having a hydrophobic 
character. 

89) A drug delivery system constructed arranged and 
adapted substantially as herein before described with 
reference to any one of the accompanying examples. 

90) A drug delivery system constructed arranged and 
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adapted substantially as herein before described with 
reference to and or illustrated in Figure 3. 
91) A method of preparing drug delivery system 
substantially as herein before described with reference to 
and as illustrated in any one of accompanying Figure 1 or 2. 
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NEW ORAL PHARMACEUTICAL FORMULATION CONTAINING MAGNESIUM 

SALT OF OMEPRAZOLE 



Field of the invention. 

5 The present invention is related to a new pharmaceutical formulation containing a 
novel physical form of a magnesium salt of omeprazole, to a method for the 
manufacture of such a formulation, and to the use of such a formulation in 
medicine. 

10 Background of the invention. 

The compound known under the generic name omeprazole, 5-methoxy-2(((4" 
methoxy~3,5-dimethyl-2-pyridinyl)methyl)sulfinyl)- lH-benzimidazole, is described 
i.a. in EP-A 0 005 129. 

15 

Omeprazole is useful for inhibiting gastric acid secretion in mammals and man. In 
a more general sense, said substances may be used for prevention and treatment of 
gastric acid related diseases in mammals and man, including e.g. reflux esophagitis, 
gastritis, duodenitis, gastric ulcer and duodenal ulcer. Furthermore, omeprazole may 

20 be used for treatment of other gastrointestinal disorders where gastric acid 

inhibitory effect is desirable e.g. in patients on NSAID therapy, in patients with 
Non Ulcer Dyspepsia, in patients with symptomatic gastroesophageal reflux 
disease, and in patients with gastrinomas. Omeprazole may also be used in patients 
in intensive care situations, in patients with acute upper gastrointestinal bleeding, 

25 pre- and postoperatively to prevent acid aspiration of gastric acid and to prevent 
and treat stress ulceration. Further, omeprazole may be useful in the treatment of 
psoriasis as well as in the treatment of Helicobacter infections and diseases related 
to these. 
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Omeprazole is susceptible to degradation/transformation in acidic and neutral 
media. The half-life of degradation of omeprazole in water solutions at pH-values 
less than three is shorter than ten minutes. Omeprazole may be stabilized in 
mixtures with alkaline compounds. The stability of omeprazole is also affected by 
5 moisture, heat, organic solvents and to some degree by light. 

From what is said about the stability properties of omeprazole, it is obvious that 
an oral dosage form of omeprazole must be protected from contact with the acid 
gastric juice and the active substance must be transferred in intact form to that part 
10 of the gastrointestinal tract where pH is near neutral and where rapid absorption of 
omeprazole can occur. 

A pharmaceutical oral dosage form of omeprazole may well be protected from 
contact with acidic gastric juice by an enteric coating. In US-A 4,786,505 an 
15 enteric coated omeprazole preparation is described. Said omeprazole preparation 
contains an alkaline core comprising omeprazole, a subcoating and an enteric 
coating. 

The hard gelatine capsules containing an enteric coated pellet formulation of 
20 omeprazole marketed by the Applicant today, are not suitable for press-through 
blister packages. Thus, there has been a demand for development of new enteric 
coated preparations of omeprazole with good chemical stability as well as 
improved mechanical stability making it possible to produce well functioning and 
patient-friendly packages. 



25 



Certain salts of omeprazole including alkaline salts of omeprazole are described in 
EP-A 0 124 495. In said patent specification the requirements and importance 
regarding storage stability of omeprazole for incorporation in pharmaceutical 
preparations are emphasized. 



30 
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There is however, a demand for the development of new enteric preparations of 
omeprazole with enhanced stability and for environmental aspects there is also a 
strong desire for the use of water based processes in production of pharmaceutical 
products. 

5 

The isolation and purification in full manufacturing scale of the magnesium 
omeprazole salts described in EP-A 0 124 495 presents one major problem in that 
the magnesium omeprazole salt particles are very fragile making pharmaceutical 
manufacturing processes utilising this product less attractive in full scale 
10 production. Manufacturing of magnesium omeprazole without a separate 

crystallisation step gives a product which is less suitable as a pharmaceutical 
substance. 

In order to use the magnesium salt of omeprazole, in this specification denoted 
15 magnesium omeprazole, in full manufacturing scale in preparing pharmaceutical 
formulations primarily for oral administration, such as tablets, it is necessary that 
said magnesium omeprazole possesses a combination of properties which makes 
such full scale manufacturing feasible. 

20 The combination of physical properties of the novel magnesium omeprazole 
product described in WO95/01977 with respect to the degree of ciystallinity, 
particle diameter, density, hygroscopicity, low water content and low content of 
other solvents is favorable and permits the manufacture of magnesium omeprazole 
in a form which is advantageous for the manufacture of the new pharmaceutical 

25 formulations. 



The novel form of magnesium omeprazole can be formulated into different dosage 
forms for oral and rectal administration. Examples of such formulations are tablets, 
granules, pellets, capsules, suppositories and suspensions. 
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Description of the invention 

One object of the present invention is to provide a pharmaceutical formulation of 
magnesium omeprazole. 

5 

Another object of the present invention is to provide a process for full scale 
production of pharmaceutical formulations of omeprazole, especially an enteric 
coated dosage form of omeprazole, which is resistant to dissolution in acid media 
and which dissolves rapidly in neutral to alkaline media and which has a good 
10 stability even against discoloration. 

Yet another object of the invention is to provide an environmental friendly 
completely water-based process for the manufacture of pharmaceutical formulations 
of omeprazole. 

15 

A further object of the present invention is to provide a dosage form comprising 
omeprazole which is suitable for press-through blister packages and which also has 
an improved patient acceptance. 

20 The new dosage form is characterized in the following way. Core material in the 
form of pellets, granules, beads or tablets containing the novel form of a 
magnesium salt of omeprazole and on said core material one or more enteric 
coating layers. 

25 The process of forming the enteric coated dosage form is preferably water-based. 
Also the enteric coating process step can be carried out using a water-based 
process which is desirable both for the working environment inside the 
pharmaceutical plant and for global environmental reasons. 
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It has been found that a magnesium omeprazole having a degree of crystallinity 
which is higher than 70% is advantageous in the manufacture of pharmaceutical 
formulations of omeprazole according to the present invention. 

Detailed description of the invention 

The new pharmaceutical formulation is defined in claims 1-9, a process for the 
manufacture of the pharmaceutical formulation according to the present invention is 
defined in claims 10-11, the use of the formulation in medicine is defined in claims 
12-18 and a press- through blister package is stated in claim 19. 

Magnesium omeprazole 

A magnesium omeprazole advantageous for the manufacturing of the claimed 
formulation is described in WO95/01977 hereby incorporated in a whole by 
reference. Said magnesium omeprazole has a degree of crystallinity of not less than 
70%, preferably higher than 75% as determined by X-ray powder diffraction 

Pharmaceutical formulations containing the magnesium omeprazole are 
manufactured as described herein below. 

Core material 

The novel magnesium salt of omeprazole, herein referred to as magnesium 
omeprazole, is mixed with pharmaceutical constituents to obtain preferred handling 
and processing properties and a suitable concentration of the active substance in the 
final mixture. Pharmaceutical constituents such as fillers, binders, lubricants, 
disintegrating agents, surfactants and other pharmaceutically acceptable additives, 
can be used. The core may also contain an alkaline pharmaceutically acceptable 
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substance (or substances). The optionally added alkaline substance(s) is not 
essential for the invention. However, it may further improve the chemical stability 
of the formulations. Such pharmaceutically acceptable substances can be chosen 
among, but are not restricted to substances such as the sodium, potassium, calcium, 
5 magnesium and aluminium salts of phosphoric acid, carbonic acid, citric acid or 
other suitable weak inorganic or organic acids; aluminium hydroxide/sodium 
bicarbonate coprecipitate; substances normally used in antacid preparations such as 
aluminium, calcium and magnesium hydroxides; magnesium oxide or composite 
substances, such as Al 2 03.6MgO.C02.12H 2 0,(Mg 6 Al 2 (OH) 16 C0 3 .4H 2 0), 
10 MgO.A^Oj. 2Si0 2 .nH 2 0 or similar compounds; organic pH-buffering substances 
such as trihydroxymethylaminomethane, basic amino acids and their salts or other 
similar, pharmaceutically acceptable pH-buffering substances. 

The powder mixture is then formulated into pellets, granules, beads or tablets by 
15 pharmaceutical procedures. The pellets, granules, beads or tablets are used as core 
material for further processing. 

Enteric coating layer 

20 The enteric coating layer is applied in one or more layers onto the formulated core 
material by coating procedures in suitable equipments such as pan coating, coating 
granulator or fluidized bed apparatus using solutions of polymers in water, or by 
using latex suspensions of said polymers or optionally using polymer solutions in 
suitable organic solvents. As enteric coating polymers can be used one or more of 

25 the following, for example solutions or dispersions of acrylates (methacrylic 
acid/methacrylic acid methylester copolymer), cellulose acetate phthalate, 
hydroxypropyl methylcellulose phthalate, hydroxypropyl methylcellulose acetate 
succinate, polyvinyl acetate phthalate, cellulose acetate trimellitate, 
carboxymethylethylcellulose, shellac or other suitable enteric coating polymer(s). 

30 Preferably water-based polymer dispersions such as for example compounds known 
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under the trade names Aquateric® (FMC Corporation) Eudragit® (Rohm Pharma), 
Aqoat™ (Shin-Etsu Chemical), Opadry™ (Colorcon) or similar compounds are 
used to obtain enteric coatings. The enteric coating layer can optionally contain a 
pharmaceutical^ acceptable plasticizer for example cetanol, triacetin, citric acid es- 
5 ters such as, those known under the trade name Citroflex® (Pfizer), phthalic acid 
esters, dibutyl succinate, polyethylene glycol (PEG) or similar plasticizers. The 
amount of plasticizer is usually optimized for each enteric coating polymer(s) and 
is usually in the range of 1-50 % of the enteric coating polymer(s). Additives such 
as talc, colorants and pigments may also be included into the enteric coating layer 
10 or sprayed onto the enteric coated material as an overcoat. 

The thickness of the enteric coating may vary widely without influencing the 
release rate of omeprazole. To protect the acid susceptible omeprazole compound 
and to obtain an acceptable acid resistance, the enteric coating constitutes at least 

15 an amount of 1.0 % by weight of the core weight, preferably at least 3.0 % and 

more preferably more than 8.0 %. The upper amount of the applied enteric coating 
is normally only limited by processing conditions. This possibility to increase the 
thickness of the enteric coating without deleterious influence on the release rate of 
omeprazole is especially desirable in large scale processes. The enteric coating 

20 layer(s) may be applied on the pre-processed formulation without exactly 
controlling the thickness of the applied coating layer(s). 

Thus, the formulation according to the invention consists of core material 
containing magnesium omeprazole. The core material is coated with enteric 
25 coating(s) rendering the dosage form insoluble in acid media, but 

disintegrating/dissolving in neutral to alkaline media such as, for instance the 
liquids present in the proximal part of the small intestine, the site where dissolution 
is wanted. 
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Final dosage form 

The final dosage form is either an enteric coated tablet or capsule or in the case of 
enteric coated pellets, beads or granules, these pellets, beads or granules are 
5 dispensed in hard gelatin capsules or sachets. The final dosage form may further be 
coated with an additional layer containing pigment(s) and/or colourant(s). It is 
essential for the long term stability during storage that the water content of the 
final dosage form containing magnesium omeprazole (enteric coated tablets, 
capsules, granules, beads or pellets) is kept low. 

10 

Process 

A process for the manufacture of a dosage form according to the present invention 
15 represents a further aspect of the invention. After the forming of the core material, 
said material is coated with enteric coating layer(s). The coating(s) are carried out 
as described above. Further another aspect of the invention is that the 
pharmaceutical processes can be completely water-based. 

20 The preparation according to the invention is especially advantageous in reducing 
gastric acid secretion. It is administered one to several times a day. The typical 
daily dose of the active substance varies and will depend on various factors such as 
the individual requirements of the patients, the mode of administration and the 
disease. In general the daily dose will be in the range of 1-400 mg of omeprazole. 

25 

The invention is illustrated in detail by the following examples. Examples 1-2 
disclose compositions of different enteric coated tablets containing magnesium 
omeprazole. Said examples also show the result of a gastric acid resistance test in 
vitro. Example 3 discloses an enteric coated pellet formulation. Said example also 
30 shows the result of a gastric acid resistance test in vitro. 
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EXAMPLES 
Example 1 

Tablet formulation containing magnesium omeprazole being produced as described 
5 in WO95/01977. 



Amount omeprazole 10 

Ingredient (mg/tabl) 

10 Tablet core 

Magnesium omeprazole 1 1 .2 

Mannitol 68.7 
Microcrystalline cellulose 25.0 

Sodium starch glycolate 6.0 

15 Hydroxypropyl methylcellulose 6.0 

Talc 5.0 

Sodium stearyl fumarate 2.5 

Water purified 50.0 

20 Enteric coating layer 

Methacrylic acid copolymer 9.1 

Polyethylene glycol 1.0 

Titanium dioxide 0.82 

Colour iron oxide, red-brown 0.04 

25 Colour iron oxide, yellow 0.02 

Water purified 45.0 

Polish 

Paraffin powder 0.05 



30 
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Tablets with the composition described above have been manufactured in a 
laboratory scale of about 20 000 tablets. 

Description of manufacturing 
5 Magnesium omeprazole, mannitol, hydroxypropyl methylcellulose, microcrystalline 
cellulose and sodium starch glycolate are dry-mixed, moistened with water and wet 
mixed. The wet mass is dried and milled and finally mixed with anti-adherent and 
lubricant substances. The milled granulate is compressed to tablets with a diameter 
of 7 mm. The tablets are enteric coated with a methacrylic acid copolymer film. 
10 Water used in the manufacture of the tablets is removed during subsequent 
processing. 

Investigation of acid-resistance 

Six individual tablets were exposed to artificial gastric fluid without enzymes, pH 
15 L2. After six hours the tablets were removed, washed and analysed for omeprazole 
content using HPLC The amount of omeprazole is taken as acid resistance. 

Tablet Acid resistance 

Strength 

20 (mg) (%) 



10 101 (98 - 103) 



25 Example 2 

Tablet formulation containing magnesium omeprazole being produced as described 
in WO95/01977. 

Amount omeprazole 40 
30 Ingredient (mg/tabl.) 



WO 96/01622 



PCT/SE95/00816 



Table core 

Magnesium omeprazole 45.0 

Mannitol 34.9 
5 Microcrystalline cellulose 25.0 

Sodium starch glycolate 6.0 

Hydroxypropyl methylcellulose 6.0 

Talc 5.0 

Sodium stearyl fumarate 2.5 

10 Water purified 50.0 

Enteric coating layer 

Metacrylic acid copolymer 9.1 

Polyethylene glycol 1.0 

15 Titanium dioxide 0.51 

Colour iron oxide red-brown 0.43 

Water purified 45.0 

Polish 

20 Paraffin 0.05 
Description of manufacturing 

Magnesium omeprazole, mannitol, hydroxypropyl methylcellulose, microcrystalline 
cellulose and sodium starch glycolate are dry-mixed, moistened with water and wet 
25 mixed. The wet mass is dried and milled and finally mixed with anti-adherent and 
lubricant substances. The milled granulate is compressed to tablets with a diameter 
of 7 mm. The tablets are enteric coated with a methacrylic acid copolymer film. 
Water used in the manufacture of the tablets is removed during subsequent 
processing. 

30 
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Investigation of acid-resistance 

Six individual tablets were exposed to artificial gastric fluid without enzymes, pH 
1.2. After six hours the tablets were removed, washed and analysed for omeprazole 
content using HPLC The amount of omeprazole is taken as acid resistance. 

5 

Tablet Acid resistance 

Strength 

(mg) (%) 



10 40 95 (92-101) 



Example 3 

Enteric coated pellet formulation containing magnesium omeprazole being 
15 produced as described in WO95/01977. 

Pellet Core 

Magnesium omeprazole 1.5 kg 

Non-pareil pellets 1.5 kg 

20 Hydroxypropyl methylcellulose 0.23 kg 

Water purified 4.0 kg 

Enteric -coating layer 

Uncoated pellets 500 g 

25 Methacrylic acid copolymer 300 g 
Triethyl citrate 90 g 

Mono- and diglycerides (NF) 15 g 

Polysorbate 80 1.5 g 

Water purified 1290 g 
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Description of manufacturing. 

Suspension layering was performed in a fluid bed apparatus. Magnesium 
omeprazole was sprayed onto inert non-pareil cores from a water suspension 
containing the dissolved binder. The prepared pellets were enteric-coated in a fluid 
5 bed apparatus. 

Investigation of acid resistance. 

Pellets were added to gastric fluid USP (without enzyme), 37°C (paddle) 100 
r/min. After 2 hours the actual amount of omeprazole remaining intact in the 
10 formulation was determined. 

Acid resistance (n=6) 
Pellets % 

omeprazole 

15 20 mg 94 ( 93 - 95 ) 
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CLAIMS 

1. An oral enteric coated formulation containing a core material of an active 
substance coated with one or more enteric coating layers characterized in that the 

5 core material as active substance contains a magnesium salt of omeprazole having 
a degree of crystallinity which is higher than 70 % as determined by X-ray powder 
diffraction and on the core material enteric coating layer(s), whereby the thickness 
of the enteric coating does not essentially influence the release of omeprazole into 
aqueous solutions at pH values predominantly present in the small intestine. 

10 

2. A formulation according to claim 1, wherein the formulation is a tablet 
formulation. 

3. A formulation according to claim 1, wherein the formulation is a pellet 
15 formulation. 

4. A formulation according to claim 1, wherein the enteric coating comprising 
an enteric coating material, optionally containing one or more pharmaceutical^ 
acceptable plasticizers, dispersants, colorants and pigments. 

20 

5. A formulation according to claim 4, wherein the enteric coating comprises 
water-based polymer solutions or dispersions of acrylates, hydroxypropyl 
methylcellulose acetate succinate, hydroxypropyl methylcellulose phthalate, 
polyvinyl acetate phthalate, cellulose acetate trimellitate and/or cellulose acetate 

25 phthalate. 

6. A formulation according to claim 1, wherein the enteric coating constitutes 
from 1.0 % by weight of the weight of the core material. 

30 7. A formulation according to claim 6, wherein the enteric coating constitutes at 
least 3.0 % by weight of the weight of the core material. 
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8. A formulation according to claim 6, wherein the enteric coating constitutes at 
least 8.0 % by weight of the weight of the core material. 

9. A formulation according to claim 1, wherein one of the coating layers is an 
, 5 overcoat applied on the enteric coated formulation, which overcoat optionally 

comprises one or more pharmaceutically acceptable plasticizers, dispersants, 
colorants and pigments. 

10. A process for the manufacture of a formulation according to claim 1 in which 
10 core material containing magnesium omeprazole is coated with one or more enteric 

coating layer(s), having a thickness which does not essentially influence the release 
rate of omeprazole into aqueous solutions at pH values predominantly present in 
the small intestinate. 

15 11. A process according to claim 10 in which the enteric coated formulation is 
further coated with an overcoat 

12. An oral enteric coated formulation according to any of claims 1 to 9 for use 
in therapy. 

20 

13. An oral enteric coated formulation according to any of claims 1 to 9 for use 
in inhibiting gastric acid secretion in mammals and man. 

14. An oral enteric coated formulation according to any of claims 1 to 9 for use 
25 in the treatment of gastric acid related diseases in mammals and man. 



30 



15. The use of an oral enteric coated formulation according to any of claims 1 to 
9 in the manufacture of a medicament for inhibiting gastric acid secretion in 
mammals and man. 
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16. The use of an oral enteric coated formulation according to any of claims 1 to 
9 in the manufacture of a medicament for treatment of gastric acid related diseases 
in mammals and man. 

( 

5 17. A method for inhibiting gastric acid secretion in mammals and man by 9 
administring to a host in need thereof a therapeutically effective dose of an enteric 
coated formulation according to any of claims 1 to 9. 

18. A method for the treatment of gastric acid related diseases in mammals and 
10 man by administring to a host in need thereof a therapeutically effective dose of an 

enteric coated formulation according to any of claims 1 to 9. 

19. A press-through blister package comprising a formulation according to any of 
claims 1-9. 

15 
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